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It has been said that a prosperous scientific or literary institution 
ought^ like a river^ to go on increasing in volume and magnitude. The 
Council of the North of England Institute^ therefore^ have reason to 
congratulate the meeting on the state and prospects of the Society^ as 
evinced by the increase of members during the past year. Amongst the 
papers^ which may be enumerated as follows^ there are many of great 
practical value :— 1. On the Working and Ventilation of Goal Mines in 
Northumberland and Durham^ by Mr. John Wales. 2. On Gas Drifts 
for drawing Goaves^ by Mr. Alexander Ross. 3. On the Magnetic Iron- 
stone in Bosedale, by the President 4. On the Relative Importance of 
certain Causes in producing Changes of Density in the Atmosphere of 
Mines. 5. Remarks on the same subject, by Mr. Atkinson. 

It will be observed that a series of important and interesting experi- 
ments in causes affecting the density of air circulating in mines, are still 
in course of being detailed and explained. The question is, in fact, yet 
unexhausted, and requires to be much further investigated. 

The President has, from time to time, laid before the Society the steps 
taken by the Special Committee appointed to further the foundation of a 
College of Mining and Manu&cturing Science, and the results which 
encouraged them to persevere in the attainment of this most desirable 
object. 

In the governing body of the University of Durham, there exists a 
disposition to further the views of the Institute in a satisfactory manner. 
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as shown by the notice aLreadj laid before the Society of a proposed 
arrangement to be made with them^ in which^ it will be observed^ the 
independent character of the College is maintained^ consistently with the 
greatest amount of available and valuable aid to be derived from the 
University. 

The Council have also to state that the Committee had an interview 
Avith the Secretary of State for the Home Department on the subject of 
the proposed Mining College. The deputation^ consisting of Mr. N. 
Wood, President of the Institute, Mr. T. J. Taylor, Mr. I. Lowthian 
Bell, and the Rev. Temple Chevallier, Registrar of the University of 
Durham, was introduced by Mr. Mowbray, M.P. for Durham, and was 
accompanied by the following Members of Parliament: — Sir M. W. 
Ridley, Lord Adolphus Vane, the Hon. H. G. Liddell, Mr. Farrer, 
Mr. Henry Pease, Mr. Hugh Taylor, and Mr. George Ridley. The 
deputation explained to the Home Secretary the character of the i)roposed 
institution, as shown in the printed prospectus and transactions, and 
answered the various questions put by the right honourable gentleman, 
stating that, while the promoters covld charge themselves with the 
outlay of £5,000, estimated to be required for the expenses of establish- 
ment, they expected the aid of Government, to the extent of £3,000 
a-year, for the endowment. Tlie Home Secretary received the deputa- 
tion iavourably, and undertook to communicate on the subject vntii the 
Privy Council. 

The Council have, on a former occasion, alluded to the series of expe- 
riments, under the direction of Sir WilUam Armstrong, Dr. Richardson, 
and Mr. James Longridge, on the best means of consuming the smoke 
of bituminous or semi-bituminous coals; and on the economic and 
evaporative value and power of the Hartley coals of this district, as 
compared with the coal of South Wales. The Reports drawn up and 
published by these experimenters have led to the publication of another 
series, drawn up under the sanction of the Honourable Board of Admi- 
ralty by their Commissioners, Messrs. Miller, Taplin, and Lynn, on the 
same nationally-important subject, and printed and published by order 
of the House of Commons. As to the results of the whole, the Council 
need not hesitate to say that, in their opinion, this interesting question 
umy be considered as being really settled by the conclusions recorded in 



these very able Reports. The results of the series of experiments prove 
that, when the gaseous contents of the Hartley coals of the North of 
England are burned together with the solid carbon of the coal, the 
heating power of the Hartley coal is fully equal to that of any other coal. 

Before concluding, the Council must be allowed to express their deep 
regret for the loss that the Society has experienced in the death of the 
late Mr. John Wales, of Hetton, which occurred soon after the publica- 
tion of that lucid and practical exposition of the most approved methods 
of working and ventilating coal mines, of which the public, as well as 
the Society, is happily in possession. 

To the Report of the Finance Committee the Council need only to 
refer. It is appended to the present Report, and will be found to be, 
upon the whole, satisfectory. 
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The Treasurer's Accounts for the past year have heen examined and 
are now submitted to the attention of the Institute. 

The balance of cash in hand shows a slight increase over the last year's 
statement, which, with the interest upon the deposit with the District 
Bank, makes a reliable balance in cash of £667 18s. Od. 

The Library and a collection of good useful Maps of Geology merit 
the further outlay and attention of the members. Amongst others, the 
Maps, so &r as published^ of the Oeological Survey of Great Britain and 
Ireland, together with such authentic Geological Maps as have been 
issued by foreign governments. 

The Committee again press upon the attention of the Institute the 
getting up a proper catalogue of the books, instruments, models, Ac, of 
the Society, to be published regularly, as they increase, with the ^'Tran- 
sactions." 

P. S. REID. 
EDW. F. BOYD. 
Auguit, 1859. 
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184 Marshall, Robt, Lugar Iron Works, Ayrshire, North Britain. 

135 Matthews, Richd., South Hetton Colliery, Fence Houses. 

136 Mc'Ghie, Thos., British Iron Works, Ruabon, Denbighshire. 

137 Mercer, J., St. Helens, Lancashire. 

138 Middleton, J., Davison's Hartley Office, Quay, Newcastle-on-Tyne. 

139 Morris, Wm., Waldridge Colliery, Chester-le-Street, Fence Houses. 

140 Morton, H., Lambton, Fence Houses. 

141 Morton, H. J., 2, Basinghall, Leeds, Yorkshire. 

142 Morton, H. T., Lambton, Fence Houses. 

1 1:3 Mulcaster, H., Blackley Hurst Colliery, St. Helen's, Lancashire. 

144 Mulvany, Wm. Thos., 1335, Carls Thor, Dusseldorf on the Rhine, 

Prussia. 

145 Mundle, W., Ryton, Gateshead. 

146 Murray, T., Chester-le-Street, Fence Houses. 

147 Palmer, A. S., Malago Vale Colliery, Bedminster, Bristol. 

148 Palmer, C. M., Quay, Newcastle-on-Tyne. 

149 Palmer, J. B., Jarrow, South Shields. 

150 Paton, Wm., Alloa Colliery, Alloa, North Britain. 

151 Peace, Wm., Hague Cottage, Wigan, Lancashire. 

152 Pearce, F. H., Bowling Iron Works, Bradford, Yorkshire. 

153 Pease, J. Wm., Woodlands, Darlington. 

154 Pilkington, Wm., St. Helens, Lancashire. 

155 Plews, H. T., Bedale, Yorkshire. 

150 Plummer, B., 5, Elswick Villas, Newcastle-on-Tyne. 

157 Plummer, Jun., R., Quay, Newcastle-on-Tyne. 

158 Potter, E., Cramlington, Newcastle-on-Tyne. 

159 Potter, W. A., Mount Osborne Collieries, Barnsley, Yorkshire. 
IGO Powell, T., Newport, Monmouthshire. 
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161 Ramsay, J., WalbotUe Colliery, Newcastle-on-TjTie. 

162 Ravenshaw, J. H., Seaham Harbour, Fence Houses. 

163 Reed, R. G., Newton Colliery, Pelton, Northumberland. 

164 Rees, Robert T., Lothy, Shenkin Colliery, Aberdare, Glamorgan- 

shire. 

165 Reid, P. S., Pelton Colliery, Chester-le-Street, Fence Houses. 

166 Richardson, Dr., Portland Place, Newcastle-on-Tyne. 

167 Robinson, R., Stanley Colliery, Pease's West, Darlington. 

168 Robson, J. G., Old Park Hall, Perry Hill. 

169 Robson, G., TondA Iron Works, Bridge-end, Glamorganshire. 

170 Robson, M. B., Field House, Borough Road, Sunderland. 

171 Rockwell, Alfd. P., M.A., Norwich, Connecticut, United States, 

America. 

172 Rogers, B., Abercame Colliery, Newport, Monmouthshire. 

173 Ross, A., Shipcote Colliery, Gateshead. 

17i Rosser, Wm., Mineral Surveyor, Llanelly, Carmarthenshire, Wales. 

175 Routledge, Jun., Wm., Shincliffe Colliery, Durham. 

176 Rutherford, J., South Tyne Colliery, Haltwhistle, Northumberland. 

177 Sanderson, Jun., R. B., West Jesmond, Newcastle-on-Tyne. 

178 Sawyers, W. G., Whitehaven, Cumberland. 

179 Shortreed, T., Newbottle Colliery, Fence Houses. 

180 Shore, Isaac, Mineral Surveyor, Brymbo, near Wrexham, Denbigh- 

shire. 

181 Simpson, L., Medomsley Colliery, Durham. 

182 Simpson, R., 7, Quay, Newcastle-on-Tyne. 

183 Sinclair, E., 8, Claremont Street, Edinburgh. 
181 Smith, C. F. S., Cinder Hill, near Nottingham. 

185 Smith, F., Bridgewater Canal Office, Manchester, Lancashire, 

186 Smith, Jun., J., Monkwearmouth Colliery, Sunderland. 

187 Smith, Edmund Jas., 14, Whitehall Place, Westminster, London, 

S.W. 

188 Sopwith, T., AUenheads, Ilaydon Bridge, Northumberland. 

189 Southern, G. W., Springwell Colliery, Gateshead. 

190 Southern, J. M., Whickam Grange, Gateshead. 

191 Spark, H. K., Darlington, County of Durham. 

192 Spencer, Jun., W., Corporation Road, Middlesbro'-on-Tees. 

193 Steavenson, A. L., Woodifield Colliery, Crook, Darlington. 

194 Stenson, Jun., W., Whitwick Colliery, Ashby-de-la-Zouch, Leices- 

tershire. 
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195 Stephenson, M.P., Robt, 24, Great George Street, WestminsuJer, 

London, S.W. 

196 Stobart, H. S., Etherley, Darlington. 

197 Stobart, Wm., Roker, Monkwearmouth, Sunderland. 

198 Storey, T., St Helen's Auckland, Bishop Auckland. 

199 Stott, G., Ferry Hill, County of Durham. 

200 Taylor, H., Earsdon, Newcastle-on-Tyne. 

201 Taylor, M.P., H., Backworth Hall, Newcafitle-on-T}Tie. 

202 Taylor, J., Haswell Colliery, Durham. 

203 Taylor, T. J., Earsdon, Newcastle-on-Tyne. 

204 Telford, W., Cramlington, Newcastle-on-Tyne. 

205 Thomas, H. W., Pinchinthorpe, Northallerton, Yorkshire. 

206 Thomas, J. T., Coleford, Gloucestershire. 

207 Thompson, John, Marley Hill Colliery, Gateshead. 

208 Thompson, T. C, Kirkhouse, Brampton, Cumberland. 

209 Thorpe, R. C, Cockerham House, Bamsley, Yorkshire. 

210 Tone, C.E , John F., Market Street, Newcastle-on-Tyne. 

211 Trotter, J., Newnham, Gloucestershire. 

212 Vaughan, J., Middlesbro'-on-Tees. 

213 Vaughan, Thos., Middlesbro'-on-Tees. 

214 Vaughan, William, Middlesbro'-on-Tecs. 

215 Wales, T. E., Abersychan Iron Works, Pontypool, Monmouthshire. 

216 Walker, J. Lakelock, Wakefield, Yorkshire. 

217 Walker, Jun., T., High Street, Maryport, Cumberland. 

218 Ware, W. H., The Ashes, Stanhope, Weardale. 

219 Watson, W., High Bridge, Newcastle-on-Tyne. 

220 Watson, Joseph J. W., Ph. D. &c., The Knap, Charlton Kings, 

Cheltenham, Gloucestershire. 

221 Webster, R. C, Hoyland Hall, Bamsley, Yorkshire. 

222 Willis, Jas., West Auckland Colliery, Bishop Auckland. 

223 Wilmer, F., Pensher Colliery, Fence Houses. 

224 Wilson, J. B., Haydock Rope Works, Warrington, Lancashire. 

225 Wilson, R., Flimby Collier}", Marj-port, Cumberland. 

226 Wilson, John Straker, West Cramlington, Newcastle. 

227 Wood, C. L., Black Boy Colliery, Bishop Auckland. 

228 Wood, Lindsay, Hetton Colliery, Fence Houses. 

229 Wood, N., Hetton Hall, Fence Houses, County of Durham. 

230 Wood, W. H., Coxlioe Hall, Ferry Hill. 

231 Woodhouse, J. T., Midland Road, Derby, Derbyshire. 
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1. — That the Members of this Society shall consist of Ordinary 
Members^ Life Members, and Honorary Members. 

2. — ^That the Annual Subscription of each Ordinary Member shall 
be £2 2s. Od., payable in advance, and that the same shall be considered 
as due and payable on the first Saturday of August in each year. 

3. — ^That all persons who shall at one time make a Donation of 
£20 or upwards, shall be Life Members. 

4. — ^Honorary Members shall be persons who shall have distin- 
guished themselves by their Literary or Scientific attainments, or made 
important conmiunications to the Society. 

5. — ^That a General Meeting of the Society shall be held on the 
first Thursday of every Month, at twelve o'clock noon, and the Greneral 
Meeting in the month of August shall be the Annual Meeting, at which 
a report of the proceedings, and an abstract of the accounts of the 
previous year shall be presented by the Council. A special Meeting of 
the Society may be called whenever the Council shall think fit, and also 
on a requisition to the Council signed by ten or more Members. 

6.^No alteration shall be made in any of the Laws, Rules, or 
Regulations of the Society, except at the Annual General Meeting, or at 
a Special Meeting; and the particulars of every alteration to be then 
proposed shall be announced at a previous General Meeting, and inserted 
in its minutes, and shall be exhibited in the Society's meeting-room 
fourteen days previously to such General Annual or Special Meeting. 

7, — Every question which shall come before any Meeting of the 
Society shall be decided by the votes of the majority of the Ordinary 
and Life Members then present and voting. 

8. — Persons desirous of being admitted into the Society as Ordinary 
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or Life Members, shall be proposed by three Ordinary or Life Members, 
or both; at a (General Meeting. The proposition shall be in writing, 
and signed by the proposers, and shall state the name and residence of 
the individual proposed, whose election shall be ballotted for at the next 
following General Meeting, and during the interval notice of the propo- 
sition shall be exhibited in the Society's-room. Every person proposed 
as an Honorary Member must be recommended by at least five Members 
of the Society, and elected by ballot at tiie General Meeting next suc- 
ceeding. A majority of votes shall determine every election. 

9. — ^The Officers of the Society shall consist of a President, four 
Vice-Presidents, and twelve Members who shall constitute a Council for 
the direction and management of the afiairs of the Society ; and of a 
Treasurer and a Secretary; all of whom shall be elected at the Annual 
Meeting, and shall be re-eligible, with the exception of Three Councillors 
whose attendances have been fewest. Lists containing the names of nil 
the persons eligible having been sent by the Secretary to the respective 
Members, at least a month previously to the Annual Meeting; — the 
election shall take place by written lists, to be delivered by each voter in 
person to the Chairman, who shall appoint scrutineers of the lists ; and 
the scrutiny shall commence on the conclusion of tlie other business of 
the meeting. At meetings of the Council, five shall be a quorum, and 
the record of the Council's proceedings shall be at all times open to the 
inspection of the members of the Society. 

10. — ^The Funds of the Society shall be deposited in the hands of 
the Treasurer, and shall be disbursed by him according to the direction 
of the Council. 

11. — ^The Council shall have power to decide on the propriety of 
communicating to the Society any papers which may be received, and 
they shall be at liberty, when they think it desirable to do so, to direct 
that any paper read before the Society shall be printed. Intimation shall 
be given at the close of each General Meeting on the subject of the 
paper or papers to be read, and of the questions for discussion at the 
next meeting, and notice thereof shall be affixed in the Society 's-room 
ten days previously. The reading of papers shall not be delayed beyond 
3 o'clock, and if the election of members or other business should not be 
sooner despatched, the President may adjourn such business until after 
the discussion of the subject for tlio day. 

12. — That the Copyright of all papers communicated to and 
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accepted by the Institate^ becomes vested in the Institute ; and that such 
communications shall not be published for sale, or otherwise^ without the 
permission of the Council. 

13. — ^That the transmission of the Proceedings be withheld from 
members more than two years in anear of their annual subscriptions. 

'^^* It was resolved at the Annual Meetinf^, 6th August^ 1867^ 
that an alteration of Rule 6 should be tried for the twelve months next 
ensuing ; during which there shall be Greneral Meetings only on the first 
Thursday, respectively, of the months of October, December, February, 
April, June, and August; an arrangement which was left unaltered by 
the Annual Meeting in August, 1858. 
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ERRATA. 
Pftg« 19y 9th line from bottom, /or "oould paas" read would patf. 
9, 39, 12th line fh>m top,/ar " we confine^ read we do not confine. 
„ 41 , 9fh line fh>m bottom, for " creeks" read creeps. 
„ 63, 7th line from bottom,/or "V" read Y. 
„ 80, 7th line from top, fir " minute " read second. 
„ 80, 10th line from top,/ar "colliery, the whole of the" read colliery in the whole 

the. 
„ 80, 14th line from topffor ** that gas was" read that much gas was. 
„ 100, 18th line from top, for, 560 yards in length and frt>m 30 to 32 feet thick" 

read 560 yards in length, 400 yards in breadth, and from 30 to 32 feet thick. 
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NOUTH OF ENGLAND INSTITUTE 

OF 

MINING ENGINEERS. 



GENERAL MEETING, THURSDAY, OCTOBER 7, 1858, IN THE ROOMS OF THE 
INSTITUTE, WESTGATE STREET, NEWCASTLE-UPON-TYNE. 



Nicholas Wood, Esq., President of the Institute, in the Chair. 



The Secretary read the minutes of the Council meeting held on the 
2nd October. 

Mr. Thomas Bailes, jun., Thistleflat Colliery, Darlington, and Mr. 
Edmund James Smith, Whitehall Place, London, were elected members, 
and four other gentlemen were nominated for election at next meeting. 

The President said — ^At the anniversary meeting, attention was 
directed to the expense of the publications, and there was a proposition 
made that the Council should take tenders for the printing of the works. 
There is, however, some difficulty in making out a specification so clear 
that printers might make a specific proposal. The subject has been 
imder the consideration of the Council in the interval between the anni- 
Tersary meeting and the present time. You will see that Mr. Seid 
attended the Council on Saturday, and gave explanations, when it 
appeared that the great expense was in the colouring of the plans, as, 
when plates are coloured, they are mucli more expensive than ordinary 
plates. The Council seemed to think it was very desirable that the 
style of the printing and of the works generally should be continued 
without any alteration. But, then, the difficulty was in ascertaining 
whether Mr. Reid had made a fair charge or not ; and, in order to 
ascei*tain this, the Council proposes that the opinion of some competent 
printer and jmblisher in London or Edinbui-gh should be taken for their 
guide. They go fuither, and say, that if Mr. Reid's charges, as tested 
by that information, ai'e fair and reasonable, they will make no change, 
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inasmuch as the manner in which Mr. Reid has executed the work has 
heen very satisfactory. What is, therefore, required at present^ is your 
opinion as to the policy of taking the opinion of some competent person 
to guide the Council. 

After some remarks hy Mr. Barkus and Mr. Atkinson, it was 
resolved to take the opinion of some London publisher as to the charges 
made by Mr. Reid during the past year or two, on the publications of 
the Institute. 

The President — ^The only two subjects before us at this meeting are 
the paper by Mr. Wales on Ventilation, with diagrams, &c, ; and the 
discussion upon Mr. Hall's paper of February last, on the Production 
and Consumption of Coal in France. 

The meeting decided to take Mr. Hall's paper first. 

The President — As Mr. Hall is present, I will ask him if he has 
any further explanation to give ? 

Mr. Hall — No ; I believe the paper will be found correct as fiar as it 
goes. Great pains were taken to make it correct fix)m French docu- 
ments. If they are correct, my paper is correct. 

Mr. Dunn — It is very important, in presenting a paper of this de- 
scription, that we should know that the quotations are drawn firom 
authority. Mr. Hall does not give a single authority he quotes from* 
It is desirable to explain where the statistics are taken from— whether 
from government books, or published records by certain individuals ;^ 
then we shall know how far they are entitled t-o credit. Is it competent 
for any one to present books of this sort to the society, consisting entirely 
of quotations from other works ? I do not know that Mr. Hall could 
answer for these quotations of his own knowledge. He has not been 
much at the coal mines of France. 

Mr. Hall — If Mr. Dunn wants any explanation I will endeavour to 
give it. Point out any one thing you think is in error. There is an 
excellent index on the French map you can refer to, the figures and 
letters of which correspond to those in the book. But, having to go 
through so many various books, errors may occur, and if one can be 
found let it be pointed out. 

Mr. Dunn — I submit there is no authority given. Mr. Hall does 
not state that they are from documents published by the Prussian, 
Belgian, or French Governments. 

Mr. Berkley — Mr. Hall says they are from oflScial returns. We 
may assume they are printed by order of the respective governments ? 

Mr. Hall— Certainly, a portion of them were printed; but there is 



another portion for the last three years, these were not printed, at the 
time, hj the French authorities, but I have got them from a source on 
which I can relj. They will come out in print this very month, which 
will certify their correctness, and which will bring the information up to 
the end of the last year. 

Mr. Dunn — Is it from the Annales des Mines? 

Mr. Hall — No, France, from the BinmS des liravaux Statistiques 
de f Adnwmtration des Mines, and other books, printed by the foreign 
goyernments, as already stated. The rest are from a party that collects 
them together, French agents. I took the trouble to collect them from 
the French (Government records, as before stated, and I believe they will 
torn out correct I could easily write out a list of the different books 
I have referred to. There are also several remarks of my own. 

The Pbbsident — I think what is wanted is an explanation of the 
authorities from which the documents are derived. At the second para- 
gnph Mr. Hall states, ^' I have taken care throughout these papers, as 
well in those which precede as in the present one, that all calculations 
should be based on official returns, wherever they were obtainable ; and, 
in cases where I could not obtain the statistics frt)m the coal-owners' 
returns themselves, or documents issued under the authority of the 
government^ I have furnished liberal estimates, founded upon specified, 
and, I believe, accurate data." Mr. Hall says, " coal-owners' returns, 
published by authority of government." This is the conclusion I should 
come to on reading that paragraph. Take, first of all, "foreign 
statistics." Those, you say, are furnished fi^m coal-owners, and pub- 
lished under the authority of government? 

Mr. Hall — ^Yes, in France, as far as they were printed up to 1852. 
After that I had to get them from the Secretary of the Departments, to 
make my paper more complete. They were not then in print ; they only 
come out once in three or four years, they will be printed this year. 

The President — Up to 1852 there are published returns. In what 
shape were they published ? 

Mr. Hall — ^The French, the same as our government blue books. I 
got the Belgian returns from the like source. 

The President — They were published by the government and acces- 
sible or purchasable by any one ? 

Mr. Hall — Yes ; the book containing the figures for the three years 
up to 1852 I got from the Secretar}'. 

The President — ^This refers to foreign statistics. Then, there is a 
great deal in reference to England ? 
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Mr. Hall — I have referred to those documents which I have publisliec^ 
from tune to time. I have continued this as undisputed. 

The President — From what source are the calculations derived? 
Prom the returns of Mr. Hunt^ or from whom? 

Mr. Hall — Partly fix)m the Coal Trade Office, in Newcastle, and 
more particularly from papers which I read to this Institute in May, 
1864, and December, 1855; the former on the Great Northern, and 
the latter on the Austrian, coal-field. The quantity of coals raised iir 
Great Britain in 1860, or 1851, (I believe before Mr. Hunt's refenras for 
coal were issued), was estimated at forty-three millions of tons annually 
for Great Britain ; but, when I went into the matter, I found it upwards 
of fifty-three millions, or thirteen millions more ; and Mr. Himt, I find, 
in 1854, made it out upwards of sixty-three millions of tons annuaUy. 
Since this period I have taken Mr. Hunt^s book of Records for statistios 
relating to the production of Great Britain. 

The President — ^It would be very satisfactory for the members to 
know fr^m what source the statistics are procui'cd, that they might 
either check them or satisfy themselves of their accuracy. If the 
statistics are accessible to the members generally, it is for the members 
themselves to ascertain whether they are correct or not. All we want, 
according to Mr. Dunn, is, if you can state from what pubHcations they 
are obtained. 

Mr. Hall — It would be very easy to do that. I think I have now 
done so. 

The President — ^The remarks on the statistics are, of course, your 
own ; but the statistics themselves, you say, are derived from the Coal 
Trade Office, or from Mr. Hunt's publications ? 

Mr. Hall — From my own research before Mr. Hunt's returns had 
been published ; from the Coal Trade Office here ; from otlier parties in 
the southern counties, where no general coal trade office is kept ; and 
from France, Belgium, Austria, and Prussia. I believe they are correct. 
I find, subsequently, that Prussia, for instance, is increasing a little more 
rapidly in her production of coal and iron than I stated. I published a 
document on the Northern Coal Trade, and another on Austria, in 1856. 
These were undisputed by the members. I take it for granted they are 
as correct as anything yet published. 

The President — The menibei*s do not give any opinion of an^ of 
your deductions iroiii the statistics. The statistics themselves we may, 
I think, assume to be coiTCct. 

Mr. Dunn — 1 have several JJclgiun reports. Mr. Hall has stated 



generally to the Institute from whence ho got the information. That is 
the answer to my question^ and it enables parties to test the accuracy of 
the documents if they think proper. 

The President — ^There is one foot note in Mr. Hall's Paper, which, 
fBamng through the Society, requires to be investigated a little. I men- 
tion this more particularly, having seen in the Mining Joumaly last week, 
ft statement that Mr. Hall had put forth certain facts with reference to 
the improvements introduced by him into the Great Northern Coal-field 
^that these had been read before the Institute, and, not having been 
contradicted by any one, the public must assume they were correct — 
I wish to direct the attention of the members to one or two statements, 
so that their accuracy may be investigated. These occur in a note at 
the bottom of page 60. Mr. Hall states : — ^^ I allude here to the im- 
profoments introduced by me into the Great Northern Coal-field about 
tins period. They consisted of the adoption of tubs, with carriages 
attached, in lieu of corves, and angle iron tram plates, for drawing coals 
from the extremities of the workings to the bottom of the shaft, and 
slides or guide rods for conducting them thence to the surface." Then 
he goes on to say — " The average saving per ton in England by the 
general adoption of these improvements, if taken at only Is. 8d. per 
ton, 2s. 0|d. less than the sum given above, amounts to upwards of four 
miUion pounds per year upon the total produce, or upwards of one million 
sterling upon the present annual yield of the Northumberland and Dur- 
ham coal-fields." This is a very important statement, and we could not 
very well pass it over without notice. The improvements stated by Mr. 
Hall as having been introduced by him are, first : — " the adoption of 
tubs with carriages attached" — second, " angle iron tram plates" — and 
third, " slides or guide rods." So far as my experience goes — and I 
should like to be corrected by gentlemen present, some of whom have 
been longer in the trade than I have been — I think the adoption of the 
tubs and slides had been in use in the southern coal-fields many years 
previously to their bemg introduced into this district [Mr. Dunv — Yes.] 
I have seen them in my visits to different collieries in the midland dis- 
tricts. I think Mr. Hall introduced them to South Iletton colliery in 
the first instance, which was, I believe, their first introduction into tliis 
district. Otlier gentlemen will be so good as mention their experience. 
Then, with reference to the tram i)latcs, I think the introduction of them 
into the collieries in this district was prior to the date of Mr. Hall's birth. 

Mr. Dunn — ^Mr. Curr used them. 
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The President — ^Then the third is connected with the first. Tly 
introduction of tubs involved the introduction of guide rods. I tiliiiik 
Mr. Hall had the credit of introducing them into this district. I am 
quite sure he had not the credit of introducing them into the southern 
district. 

Mr. Hall — I quite agree with Mr. Wood^ that things of this kind 
were in use by Mr. Curr^ who went from Pontopike. He had those sort 
of things^ which were called skips, working in the shaft, it may be with 
slides, and so had others in the southern district. They 'were in practice 
in the neighbourhood of Sheffield. When I introduced the tubs I was 
not aware of this fact. But I was informed afterwards by the eminent 
men who went from this neighbourhood (and who took the Rev. 
Mr. Hodgson, of Heworth, with them), viz., Mr. Watson, Mr. Buddie, 
and others. They went to Sheffield, and on their return — as I have seen 
by the Rev. Mr. Hodgson's memoi*andum book — they reported that the 
south country system of drawing coals would never answer in this Nor- 
thern Coal-field, where pits were so deep and coal seams were so thin, and 
where a great quantity of work was required to be drawn up one shaft. 
Consequently, they were never put in practice in this Northern Coal-field 
till I introduced them at South Hetton, in 1833. In the southern district, 
on Curr's principle, the work was done by such a slow process, and so 
small a quantity of coals was drawn to bank at one pit at that time, 
that it was doubtful whether they would ever come into practice in this 
neighbourhood. In respect to the introduction of bridge or edge rails, 
with carriages and bogie wheels, Mr. Easton attempted this at Hebbum 
Colliery in 1824. He did not succeed, because the corves were not fixed 
upon the carriages as tubs are now } whereas, when I commenced at 
South Hetton Colliery, I had carriages with bogie wheels, and tubs 
attached to them, suitable for bridge rails, so as to do away the tram 
plate. I at the same time introduced cages and guides into the shafts 
so as to bring the same to bank. For a year or so before this, I 
had the same carriages with bogie wheels on bridge or edge rails 
underground, emptying into large tubs near the shaft bottom. These 
large tubs were conveyed up the shaft by wooden slides, so as to 
prevent vibration of more than an inch in any direction, each car- 
rying the coals of four of the smaller tubs, equal to about IJ tons. 
After these had worked about twelve months, to my satisfaction, 
Messrs. Nicholas Wood and Johnson were called in by the owners to 
report upon the same. In consequence of their doubts whether the large 



quantity of coals going over the screen might not cause breakage, the 
large tubs were subsequently abandoned, but my new plan, called the 
tab and cage system, was tried, and in another pit, (the large tubs being 
continued in the shaft where they were originally placed, in the mean- 
time), and the new plan is now in use at both pits. As far as regards 
the tram plate, I meant to say, that I succeeded in getting the use of 
it abolished both at South Hetton and in the colliery I was connected 
with after I left South Hetton. I also took the carriages, which 
travelled on bridge or edge rails, into the face of the workings, and then, 
on their return loaded to the bottom of the pit, had them taken out to 
die top of the shaft. This was another great advantage that did not 
previously exist. Before this, there was a rolley or horse way with 
corves on great bogies and horses — ^the horse way being bridge rail — 
at the termination of which there was a crane to lift the corves off on to 
a tram carriage, to go the working part of the mine, and return upon a 
tram plate way to where the horses took them from. This conjoint 
system was a very unwieldy method, which I afterwards entirely did 
away with, and the imiform plan now adopted aids steam machinery 
with wire ropes, which, compared with the old system of horses, saves 
a great deal of trouble and expense. 

Mr. Dunn — Mr. Easton was the first person that used edge railing. 
That was about the year 1815. 

Mr. Barkus — No, it was after that, about 1824. 

Mr. Hall — I have no priority of claim in introducing either the 
common tram plate or bridge rail into our coal mines, as the foot-note in 
my paper at page 60, from an error of the press, might lead some to 
suppose ; but I do claim the credit of substituting the bridge for the 
tram plate, whereby I did away with the expensive method of lifting 
the corves from the tram to the bog^e by the crane, and of introducing 
a more economical and uniform system of tub carriage and bridge rail 
throughout the mine. 

The President — ^Your meaning is, that you substituted tubs and 
slides in lieu of tubs and tram plates. I have only to say, in reference 
to the report alluded to by Mr. Hall, that Mr. Johnson and I were called 
on by the Owners of South Hetton to report whether it was proper to 
continue the large tubs or not. We reported against them. At this 
time the coals were brought out from the fkce of the workings, and 
emptied out of the small tubs into those large tubs, in which they were 
brought to bank, and were then emptied out of the large tubs into the 
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screen. It was considered that the emptying of the small tubs into the 
large tubs, and then again from the tubs in large masses upon the ^ 
screens at once, was prejudicial. It broke the coal, and we consideredf^ 
likewise, that it was not well screened. 

Mr. Hall — It is quite true they were emptied in large masses, but it 
was done by machinery, so that they might be emptied as gently as they 
pleased, consequently, they appeared to be as well screened as before. 
Nevertheless, as Messrs. Wood and Johnson reported that such might 
be an objection, I inunediately set to work and adapted to the other pit a 
new principle. I gave the owners a report of the same, and the chanoe^of 
seeing both plans at work in each of the pits at one time, and both were 
at work when I left the colhery. In place of the last-mentioned im- 
provement in tubs and cages, the large tubs were introduced again by 
my successor into one pit Afterwards, when I went to Towneley 
Main colliery, where I was part owner, I again introduced the other 
previously named improvement — the system of tubs and cages— and put 
as many coals per year out of that one shaft, seventy fathoms deep, with 
a twenty-horse engine, as the former owners, Messrs. Dunn, got out of 
two, and sometimes three pits per year, with the old corf system, with 
three engines. The like may be said at South Hetton, 1100 feet deep, 
as to extra quantities. 

Mr. Dunn — ^The large tub has been in use in Belgium firom time 
immemorial 

Mr. Hai.l — If so, it has been altered ; for I have found, both in Bel- 
gium, France, Austria, and Prussia, in 1844, that my new system, with 
cage and tubs, was, and is now in operation in all those countries, the 
same as I introduced it at South Hetton and Towneley Main. In my 
travels I never saw one instance in which the large tub was used, even 
in America. 
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WORKING AND VENTILATION 

OF THB 

COAL MINES 

IX THB COUNTin OF 

ROBTHUMBERLAND AND DURHAM. 



By Mr. JOHN WALES. 



It will be in the remembrance of some of the members of the Institute, 
thtt I brought before their notice^ a short while ago, a paper on the 
inbject of Ventilation — ^referring more especially to the systems at pre- 
sent in use in the Midland districts; and that, on that occasion, I 
ndertook at some future time to make a few remarks on the same 
subject, making particular reference to the various modes of ventilation 
practised in Northumberland and Durham, from the earliest periods up 
to the present time. 

I submit the following observations to your notice, with a view of 
redeeming my promise— ^premising that, as before, I shall address myself 
more particularly to the younger members of the profession, and that I 
shall confine my remarks mainly to the explanation of the diagrams, 
which I have prepared on a large scale, for the elucidation of this 
important subject. 

In my former paper, I made no mention of the various means in use 
for the purpose of producing a current of air in a mine, and I shall, 
therefore, with your permission, make a few prefatory remarks on this 
head before going into the general subject. 

You are, of course, all fully aware that there are various means at 
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present in use for this purpose, such as the furnace, steam jet, fans, 
pumping apparatus, &c. I shall, however, restrict my remarks alto- 
gether to the subject of the furnace, and its different application under 
yarious circumstances, it being found in practice more simple and more 
effective in Its operation than any other source of ventilation hitherto 
introduced into this district. 

There are three points of view from which the application of the fur- 
nace may be regarded : — 

I. In collieries where the worhinge are properly arranged^ and the 
ventilation is efficient. In this case, under ordinary circumstances, the 
total quantity of air, after ventilating the various workings of the col- 
liery, and previously uniting in one current^ may safely be brought over 
the fiimace. 

II. Where the goaves give off gas to such an extent thaty after mixing 
with the air from the whole mine, it is still considered unsafe to bring it 
over the furnace. Here the air from the goaves is carried into the 
upcast shafl by a dumb drifl, without coming in contact with the 
furnace, and the remaining portion of air passing from the whole mine, 
where naked lights are used, may also with safety be brought to the 
furnace. 

III. In mines of very great depth, where the sinking of the shafts 
involves a great expenditure of capital. Under such circumstances, the 
workings are unavoidably carried to a great distance from the shaft — 
more gas may be expected to be given off, and the same quantity of 
air cannot with equal facility be obtained as in mines of less extent. 
The whole of the air, in such a case, might possibly have to pass along 
the dumb drift without coming into contact with the furnace, and the 
latter requires to be fed with fresh air from the downcast shaft, in order 
that the necessary temperature for the proper ventilation of the mine 
may be attained in the upcast shaft. 

Having thus pointed out the various ways in which the fiimace may 
be applied for the purpose of ventilation, we shall next consider the 
relative advantage when the total quantity of air which passes through 
the mine is brought over the furnace. ' 

The whole of the air is, of course, rarified in proportion to the heat 
given off from the furnace ; and where only the current of air from the 
whole mine, or say only half the quantity, as in the former case, passes 
over the furnace, the ventilating power will be proportionately dimi- 
nished, the whole of the air not being rarified to such an extent as 
before. 
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In connection with this part of the subject, it is scarcely necessary to 
remind jon that, where none of the air which passes through the mine is 
brought over the furnace, and the hitter is fed with fresh air, a much 
larger shaft and greater degree of ventilating power will be required to 
produce the same quantity of air, than in either of the above cases. 

Before proceeding to explain the diagrams, I would wish to point out 
the necessity which exists of our bavins: the air-courses of sufficient 
sectional area, particularly where the currents of air meet, or where they 
are of great length. In shorter currents of air, this matter is not of so 
much importance. 

I shall now proceed to explain the diagrams which I have prepared 
for the illustration of mining ventilation, and let us take, first of all. 

Diagram No. I. 
Diagram No. I. shows the system of working and ventilating coal 
mines at a very remote date. At that period, the coal worked lay near 
the suriace, and the pillars of coal left were, therefore, of very small 
dimensions, being barely sufficient to support the roof. The method of 
working away the pillars appears to have been neither understood nor 
practised at that time. Subsequent experience, however, made it evident 
to those who had the management of mines, that it was not only a great 
sacrifice on the part of the coalowner, but a serious diminution of our 
national wealth, to allow the pillars of coal to be entirely wasted or lost 
that had been left. The first plan of extracting the coal from the 
remaining pillars appears to have been, to take a portion off each end of 
the pfllar, the other part being allowed to remain, which, neverthe- 
less, occasioned a large per centage of coal to be left. This mode of 
working continued for a great number of years, in proof of which we 
may refer to the fact that a great number of collieries have been re- 
opened in this neighbourhood to work the portion of coals which had 
been left in former years. Gradually the practicability of taking away 
the whole of the pillars became manifest ; and it was plain that, instead 
of leaving the pillars so small, they would require to be increased in 
size, to resist the weight of the superincumbent strata while taking the 
pillars off in the second working. But even after this had been done, 
I am led to believe that a long time elapsed before anything approaching 
to a proper system of working away the pillars was attained. I shall treat 
of this more fiiUy in explaining the other diagrams. The ventilation at 
this date, as will be seen on referring to the diag^ram, was very simple. 
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The air was conducted to the extreme pomt, and then along^ the working* 
&ce, in one unbroken current^ leaving^ a small portion of air to escape at 
each stoppings (commonly called a scale), which passed into the back 
pillars. This was the only method, at that period, of ventilating the 
waste, or old pillars which were left. 

DlAQRAM No. II. 

The system shown on this diagram does not differ from the foraier 
with respect to the mode of working, but it is assumed that the coal has 
now reached a greater depth, and inflammable gas is consequently given 
off. It is^ therefore^ necessary that some other method of ventilating 
the back pillars should be resorted to different from that indicated on 
diagram No. I. At this particular period in the history of mining, 
Mr. Spedding, of Whitehaven — a gentleman of some celebrity in the 
mining profession — ^invented a plan of clearing all the old pillars of 
inflammable or noxious gas. This would be a desideratum at that 
period, as at that time there were no safety-lamps, and the result was 
attained by coursing or carrying the air up and down in the old workings, 
as shown by the darts on the diagrams. It will be observed that, 
according to this mode of ventilation, a great number of doors were 
required to keep the air in its proper course. In the event of anything 
occurring to one of these doors, the air would naturally pass on to the 
next door, in which case the pillars which ought to have been ventilated 
by this deranged door might probably be filled with gas ; and when the 
door was shut, and the ventilation again restored, the gas would be 
brought into contact with the miners' candles in the boards, the conse« 
quences of which are only too well known. It will also be observed 
that the current of air requires to travel a great distance up and down 
in those pillars, and it is then brought up to the working face. The 
consequence of the air travelling through the old workings to such an 
extent as this, would be that it might become very impure, and in time 
prove highly injurious to the health of the miner. 

Diagram No. III. 
We have now arrived at a period when experience suggested the 
propriety of working away the old pillars, either wholly or partially, 
and it was an important consideration that this should be done with 
safety, for it must be remembered that that invaluable invention, the 
safety-lamp, had not then been introduced. The great requirement^ 
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therrforey was, that the yentilation shotild be so arranged that the air 
mifjkt be kept in its proper course. It will be seen, on referring to the 
diagram, that so soon as the bearing-down stoppings marked A are 
iattffinred with or rendered useless by working off the pillars of coal in 
vkieh they aro situated respeetiyely, the air wonld at once pass direct 
•ems at the top of the panel^this being the nearest rente to the npcast 
pit— -and would, as a natnral consequence, leave the wastes without 
TentiktioD. 

It is evident that at this period there had been no dangerous excess 
of ioflammable gas to contend with, otherwise this mode of working 
with the naked lights could not have been pursued. It will also be 
obvious to every one that, by taking away the pillars of coal according 
to the system 9lx)ve described, the loss of coal, at a reasonable calcula- 
tion, must have amounted to 30 per cent., which would certainly be a 
great sacrifice. 

DiAORAK No. rV. 

Represents a different system of ventilation, and a different system of 
working away the pillars of coal. 

The ventilation, it will be observed, is now arranged by inserting 
stoppings in the various boards, so that the air can now be conducted 
aeross the panel or district of workings from A to B. After this, it is 
brought into the waste, and conducted up and down in the courses, 
until it arrives at G, passing down into the return, having thus ventilated 
the whole district of waste. By this arrangement of ventilation the 
whole of the pillars may be removed and entirely worked off. 

The method of working the pillars at that time was commonly called 
^woridng the broken mine." In the first place, a '^ jenkin" or opening 
from six to eight feet wide was driven into the middle of the pillar. 
And the fact of six to eight of those Jenkins requiring, according to this 
system, to be in operation at one time, in one ^' headways course," will 
at once show how very costly a plan like this must have been. Another 
objection to this system will be seen in the excessive consumption of 
timber which inevitably occurs, by having so many working places 
adjoining each other in one headways course, added to which, it will 
be observed that, by driving the Jenkins in the heart or middle of the 
pillar, the strongest coal is taken out, and that on either side of the 
jenkin would be crushed, and rendered almost unmerchantable. 
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Diagram No. V. 

Presents to us a view of ventilation altogether different from the plans 
which have already been brought before your notice. I mentioned, in 
a former part of this paper, the improvement made in the ventilation of 
coal mines by Mr. Spedding, with regard to the coursing of the air 
behind the working face. We have now arrived at an epoch when 
experience has taught us how to divide, by means of a regulator, the 
currents of air in such a manner that we are enabled, with the greatest 
precision, to give one district a greater quantity of air and another a 
less quantity, just as the circumstances of the case may require. This, 
it is well known, is a great advantage over the old system of carrying 
one imbroken current of air through a mine ; for let us suppose that, 
according to the old system, a single current of air had to traverse a 
distance of six miles through the circuitous passages of a mine. Now, 
if we make two divisions in this current of air, and allow the distance 
for each division to travel to be about three miles (instead of six), then 
we shall have reduced the frictional resistance to about half of what it 
was before. 

Allow me to make a few remarks here as to the improvement which 
was made in respect to divisions or splits in the air. The division of 
the air was accomplished by the application of what is commonly termed 
an air-crossing, which was adopted for the purpose of carrying one cur- 
rent of air over or underneath another current which might be passing 
in a different direction — one current generally being supposed to be fresh 
atmospheric air, and the other impure or vitiated air. 

I am not positively aware to whom the invention of the air-crossing 
belongs, but I have heard it attributed to the late Mr. Buddie — a gen- 
tleman whose name will ever be remembered in connection with the 
science of mining. 

The importance of dividing the air into separate currents or splits, and 
the benefits derivable from such a mode of conducting air through the 
various districts of a coal mine, are now sufficiently obvious ; and I shall 
proceed to make a few remarks, necessarily as brief as possible, on the 
requisite distribution of the various currents of air. To take the diagram 
No. V. It is here shown that the air is divided at A, one-half going to 
the right (to B), and the other (from A to D) to the left portion of the 
district or " panel." Let us follow the portion going to the right. It 
will be seen that the air is conducted from A to the far board B by 
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going into the district is lessened, then it woidd evidently be desiraUi 
to enlarge the scale or opening, as before alluded to, in the stopping or 
door next the goaf, provided that there is a sufficient quantity of «i 
passing through the goaf to prevent the appearance of gas at the edges. 
If we follow the course of the air in this diagram, we shall find it to be 
conducted down three boards, and up the same number, and so on, until 
it reaches the air-crossing E, where it crosses and unites (at F) with tlio 
air which has ventilated the opposite side, in a similar manner, after 
which it passes off into the return. 

The question may here occur, to those who are not conversant with, 
mining operations, '^ why the air is conducted alternately in three boards^ 
in preference to any other number ?" This is done because the euirenfe 
of air is shorter by this plan than it would be with a less number q€ 
boards, and, besides, there is not such a risk of the air being stopped or 
contracted when three boards are provided. I have said that three 
boards are required, but the exact number will very much depend upoa 
the nature of the roof. One of these three, I may here mention, is 
generally appropriated as a ^' travelling roadJ' The size of this will be 
proportionate to the length of the traverse and the number of passages, 
for it will be evident that to make large air-ways, where the leng^ of 
the current of air is short, would entail a useless expenditure. This 
system of coursing air in a mine is now almost, if not altogether, aban- 
doned ; but, if time permit, this will be more fully treated of in the 
course of our subsequent remarks. 

Diagram No. VII. 
Plan No* 1. — ^This shows another arrangement for the working and 
ventilation of a coal mine. It will be seen, on referring to this diagram, 
that the coal field to be worked is divided into separate panels or dis- 
tricts more particularly with this object — that shoidd an explosion of gas 
occur, the element of destruction may be confined, as much as possible, to 
the distarict in which it originated. Another advantage derived from 
this mode of working is that, #hen the boards reach the barrier (indi- 
cated by the dotted lines), the removal of the pillars may be at once 
commenced with, thus obviating the necessity of the pillars standing so 
long as was the custom formerly, by which the coal was, therefore, 
much lessened in value ; for it is well known that when pillars of coal 
remain unworked for a great number of years, the coal, to a certain 
extent, becomes oxidised by exposure to the atmosphere, and the result 
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i«t a ]arga portion of the seam, in such cases, is rendered almost 
Iiless. Again, hj working off the pillars immediately after the 
>iis districts have reached their respective harriers, the air-courses 
done away with, the lengths of the traverse of the respective 
ent8 of air are materially diminished, and this is an important point 
e att^Qfied to with regard to vigorous ventilation. 
t will be seen that this district (No. 1) has reached the barrier; and 
roof being of such a nature that the headways courses do not fall, 
IT the timber is taken out, the working away of the pillars, therefore, 
be commenced with at once. This is accomplished by laying the 
n-road along the three headways next the barrier to the far side of 
district. We then commence to work away the pillars, by taking 
ly a " lift" or slice of coal, of say five or six yards in width, for half 
length of the pillar on one side of the headways, and another 
ilar lift on the opposite side, until the pillar is entirely worked off — 
pillar after the other being removed in a similar manner. 
a this case it is necessary, with pillars of such dimensions, that the 
kings in one headways should not be in a direct line with other 
iways courses, but be kept at a certain angle, similar to that from 
B on the plan. This prevents, to a great extent, the coal from 
ig cruslied on the occurrence of creep. 

'he ventilation on this plan is quite simple, the air being taken first 
!Ct to the face F, and from thence into the working places ; and when 
eaches D, it is then taken into the waste, and ventilates it until it 
ses the regulator E; and then, imiting with the other currents, it 
ses on to the upcast pit. 

liis is a good urrangement for working away pillars of coal where 
roof does not fall. The naked light can be kept a safe distance 
n the goaf. 

Plan 2 differs from the former plan only as regards the system of 
'king away the pillara. The roof is supposed to break down to a 
at extent after the timber is taken out, and this prevents the old 
dways course being apphed to such advantage as in plan 1. New 
nini,'-s have, therefore, to be made along each headways for tram- 
ds. The s J stem adopted in working the broken mine is widely 
erent from that pursued in No. 1. By a glance at plan 2 we will at 
e see the manner in which the pillars are worked off. A jenkin is 
ien half-way up in one side of the pillar; a place is then driven 
3ugh the middle of the pillar to the goaf, and then the lifts are taken 
Vol. VII. —October, 1868. c 
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off on the neil; side. This being done, the lower half of the pillar iff 
removed in a similar manner, and so on until the whole of the pillar is 
worked off. 

As this plan entails considerable expense in regard to the driving of 
Jenkins and ridding, &c., I shall shortly treat upon other methods of 
working away the pillars, by which the expense may be avoided. 

Plan 8 is a district of workings in progress in the whole mine, 
showing the arrangements of ventilation. 

In Diagram No. VIIL, 
Which we shall now proceed to notice, the boards in the district are 
not driven to their respective barriers before the pillars are commenced 
to be taken away, as was the case in the last diagram ; but the pillars, 
on the contrary, are commenced with so soon as the boards are driven 
to such a distance that the ventilation may admit of the safe introduction 
of candles in working the whole mine, while, at the same time, safety^ 
lamps may be used in extracting the pillars in the broken mine. 

The principal advantage of this system over the former consists ia 
the fact that the same '' establishment," in regard to timber, rails, Soc., 
that was required for working the whole mine, can be used for the 
purpose of working the broken mine. 

The timber is also allowed to remain, and this prevents the outlay 
incurred in ridding and driving Jenkins to open out the old work; 
and therefore, in point of economy, this system is much superior to the 
former. 

Let us now consider the mode of ventilating this particular system, 
and, in doing so, I will bring before your notice the different ways in 
which such a plan of working may be ventilated, pointing out, at the 
same time, their respective merits, to the best of my ability. 

And, first, let me direct your attention, as briefly as possible, to 
plan No. 1. 

The air is here taken direct to the working face, as shown by the 
darts. It is then conducted along the working face, and, as you will 
observe, ventilates the various boards in the whole mine as it passes 
along ; after which it is taken down the far board to ventilate the broken 
mine. 

There is an objection to this system, and it is this : — It will be seen 
that the doors which are placed at A are for the purpose of bearing the 
air around the working face ; but if it should occur that those doors 



were neglected^ then the ventilation between C and D would at once 
leoome suspended, and any gas which might happen to be at the edge 
<xf the goaf might probably '^ back" to the candle D. 

According to plan No. 2, which we shall now proceed to notice, the 
mr is taken up the rolley-way board to E, where it divides — one portion 
iMing taken to ventilate the boards in the whole mine, and the remaining 
portion to ventilate the workings in the broken mine. By this mode of 
Tentilation the doors at A, in plan 1, are altogether dispensed with, 
there being a separate current of air from both the whole and broken 
Biine. 

Allow me to direct your attention to the utility of dividing the air at 
E. On referring to this plan, it will be observed that that portion of 
air which is taken to ventilate the broken mine is conducted across to 
the far board F, when it is taken to ventilate the edge of the goaf in 
its course to the upcast shaft. Now, so long as all the stoppmgs and 
doors remain as at present shown, plan No. 2 is, in my opinion, superior 
to plan No. 1. But if the doors G and H, in plan No. 2, are destroyed 
by working away the pillars, the air will then not be carried over to F 
m before — it only reaches 6 — and, consequently, the space between 
O and F will almost be stagnant. 

It is quite possible, under these circumstances, that gas might come 
to the edge of the goaf; and if so, such an arrangement of ventilation 
would prove highly improper. The chances of accident would be greatly 
increased, inasmuch as the gas from the goaf might then back up against 
the stopping G, and press through it upon the naked light outside of the 
stopping. This will be evident, if we look at the point where the air 
divides. It will be seen that the distance from A to B and G is equal 
to that from A to D and G. 

If we suppose the existence of a scale in the stopping G, the question 
woidd then arise, whether the air from the broken mine could pass 
through the scale at G upon the candle, or whether it would pass from 
the whole mine into the broken ? This is rather an important question, 
for, should the air from the goaf pass through the scale upon the naked 
light, it would certainly evidence a very deficient system of ventilation. 

As we have already observed, the distance to the stopping G in each 
division is equal, and it will, therefore, be obvious that the two columns 
of air will be equally balanced. Should any obstruction, however, take 
place in either of these divisions of air, then the air at the stopping G 



20 

would press into the division in which the obstruction occuired ; bnt^ 
everything remaining in order, the tendency of the air will be to prew 
from the goaf into the whole mine, and such a mode of ventilation must^ 
therefore, be admitted to be undoubtedly objectionable. 

To take, in the next place, A^o. 3 plan. 

The system of working shown here is similar to Nos. 1 and 2 ; but 
the arrangements are very different, so far as the ventilation is concerned. 
You will observe we have here recourse to doors at X again, as a passage 
for coals. 

Let us compare this mode of ventilation with that shown on pliuis 
Nos. 1 and 2. The air here is, in the first place, taken direct to the 
working face, and after ventilating the whole mine, is then carried down 
the far board F, as far as one pillar, to A ; after which it is conducted 
back along the headways to B, then down another pillar to C, and 
thence along the headways to D. It now passes on to the edge of the 
goaf, and ventilates the workings in operation in the broken mine. I'his 
system of ventilation is a great improvement upon that shown in plans 
1 and 3, inasmuch as the distance between the naked liglits and the 
safety-lamp is greatly increased, and the air will always press in the 
right direction, viz., from the whole mine into the broken. The doors 
are so arranged, it will be seen, that, when open at X, the gas cannot 
by any means back to the candle, while the doors at £ remain shut. 

It may be here observed, that accidents have occurred under the 
system of working coal mines shown on this diagram, and it is, therefore, 
worthy of your most seiious attention to consider which is the best 
mode of application with regard to safety. 

Of the three methods which I have brought before your notice, I 
would certainly myself recommend the last as the most safe under all 
circumstances. 

Before concluding, however, with this diagram, I would wish to 
observe that, where the cover of the mine does not fall after the supports 
(props, (fcc.) are taken out, the pillars of coal may then be worked off 
without incurring any expense in rudding, <fcc. ; and I would, in such a 
case as this, approve of the panels being driven up to their respective 
barriers before commencing to take away the pillars. The coals, 
according to this method of working, would not stand long before the 
broken mine was commenced with — ^probably, in an ordinary seam, not 
more than three years — whi«*'» ^ ^ "" ^ ^ would not, during that period, 



ii 



■H 



21 

at ill deteriorate the merchantable value of the coak. This is, in my 
^pftiion, a safer system of working than the system of ** foUowing-np" 
with the broken as the boards progress in the whole mine. It is only in 
eas^ where the cover of the mine is composed of soft materials, and 
Ivaaks down to a considerable extent, that, when the supports are 
removed, Jenkins require to be driven across the pillars of coal, and by 
Hkt Bide of the old pillars, &c., as shown on plan No. 2, diagram No. Y II. 
This, it must be obvious, is much more expensive than the system of 
fimoving the pillars before the cover or roof of the mine is allowed to 
&D. 

Diagram No. IX. 

Differs from the arrangement of working shown in the former dia- 
ipams, chiefly with regard to the position of the roUey-ways. Instead 
rf having the roUey-way board on one side of the panel, with a barrier 
df coal on the opposite side, we have here the rolley-way formed in the 
teiddle of the district, and one rolley-way, as it were, serves the purpose 
of working away two districts. Twice the quantity of coals may thus 
be obtained by one rolley-way, as compared with what could be obtained 
according to the plans shown on former diagrams. It is, therefore^ 
evident that where the outlay for making horse roads is great, one half 
tiie expense may be avoided by this arrangement of rolley-ways. 

It is, of course, most desirable at all times to have the cheapest 
method of working a mine. So far as the workings of the whole mine 
are concerned, the less number of rolley-ways may serve every purpose 
very well ; but, when the broken mine is commenced with, and the roof 
is so formed that great weight is to be sustained by the pillars of coal 
of ordinary size, then, when the goaves on either side approach each 
other, we find that, as the last pillars adjoining the rolley-way are 
being worked off, the coal is very much crushed, and, to a very great 
extent, detenorated in value. Therefore, in laying out the districts for 
working the coal, we must not only have regard to the best and cheapest 
mode of conveying the coal, but we must also consider the best method 
in which the mine ought to be worked generally. 

My reason for showing you this is simply to lay the various methods 
of arranging the districts before you. In the two cases above referred 
to, the chief consideration is, which arrangement, according to the cir- 
cumstances of the case, is the least expensive. The boards in this case 
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courses. The air is, therefore, carried back and forward in the headm i*^ 
course, instead of being coursed up and down the boards, as shown. ^ 
the former diagrams. 

Diagram No. X. 

Plan 1. — ^The method suggested here is, that the pillars be taken €^^ 
in close proximity to the working of the whole mine. It is asniiai^^ 
that the roof is composed of ordinary material. We have, therefinre, ^^^ 
arranged the workings that every alternate board is driven narrow- 
i.e.y two yards in width — in order that the roof of the boards may i 
until the workings in the whole mine G are carried beyond the barrier ] 

By this arrangement the naked lights, are placed at a much j 
distance from the goaf than in any of the former cases, when workiiE.-^ 
oflf the pillars, as shown in diagram No. VIII. And not only so, but L-^ 
the case of accident in district L, the barrier E of solid coal will be -^^ 
more reliable means of separation than ^^ board end stoppingt^* woulc^ 
have been. 

The same current of air which ventilates the whole mine is taken tc^^ 
ventilate the broken mine on its route to the upcast shaft. The doors^ 
placed at 6 are for the purpose of allowing a passage for coal work into 
district M. As regards the system of working the broken mine — 
assuming, as I have already done, that the narrow boards are driven for 
the purpose of working off the pillars in the most economical manner 
(by taking one-half the pillars from each side of the narrow boards) — 
you will at once see that this is a much better system than that shown 
on plan 2, diagram YII., where Jenkins had to be driven, and, conse- 
quently, as lamps would be in use, the aid of gunpowder could not be 
taken advantage of in driving them. 

The pillars, as you will see, are sixty yards long by twenty yards 
broad, and they are of this length for two reasons. First, in not having 
an opening through the middle of the pillar, as is the ordinary practice, 
the weight of the strata above is much easier resisted, and the coal is 
not crushed to such an extent ; and besides, secondly, in working away 
the pillars in the broken mine, there are not so many of what are gene- 
rally termed " last lifts." The last lift is the last portion of coal that is 
worked off the end or side of the pillar. These last Ufts are, of course, 
much more dangerous to work off than any other portion of the pillar — 
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aO other lifts liaving a solid side, except the last, and this is only sup 
ported by timber^ to which it generally proves very destructive. When 
the coal is got, too, it is generally crushed to a very great extent. 
Hence the necessity of having as few such lifts as possible. 

Plan 2 is supposed to represent the coal lying at a great depth from 
the surface, and the texture of the coal of an average strength. It 
liffers materially from the former diagrams, both in regard to the size 
3f the pillars and the ventilation of the mines. 

The pillars under this system are made large, with the threefold object 
of resisting the pressure of the overlying strata, preventing the creep 
Bs much as practicable, and producing as large a per centage as possible 
of good merchantable coal. The roof of the mine is here supposed to 
consist of a strong material, therefore, after the timber or other supports 
are removed, the boards do not fall, and the pillars may accordingly 
remain until that part of the whole mine B is worked to such an extent 
beyond the barrier F that the district A may be ventilated with a sepa- 
rate and distinct current of air from that which ventilates district B, now 
in progress in the whole mine. This effectually prevents the air in the 
broken mines (where safety-lamps are exclusively used) from coming in 
ccmtact with the candles in district B. 

The roof of the mine being strong, (as I have already supposed) the 
boards or openings may be taken advantage of, for the purpose of remo« 
ving the pillars of coal left in the first workings, and this is done by 
taking lifts half way across the pillar to the right hand and also to the 
left hand of each board. 

It is right I should here observe that in deciding as to the requisite 
dimensions of the pillars for any particular colliery three considerations 
should be regarded : — the depth of the seam form the surface — the na- 
ture of the seam, its texture and strength — the nature oj the material 
upon which the coal rests. The diagrams before us represent the size 
of the pillars to be sixty yards long by forty broad. In working the 
whole mine, however, where naked lights are used, gunpowder is gene- 
rally required for the purpose of bringing the coal down after it has been 
properly undermined. The size of the pillar, therefore, does not mate- 
rially affect the produce of the seam in the whole mine; but in the broken 
mine, where gunpowder is prohibited, and the safety-lamps are exclu- 
sively used, great care and consideration is required with respect to the 
size of the pillars. Where the pillars are too small, " creep," as a natu- 
ral consequence, will take place — the coal will be crushed and rendered 
of less value — the consumption of timber will; in all probability, be 
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excessive — and the expense of maintaining the roads will be great— 'ia 
shorty the total cost of production will he increased to a very serious extent. 
If the pillars should be too large, so that the coal does not fall after 
being undermined, it will require to be brought down by the pick, and 
will, therefore, as in the former case, produce a large proportion of small 
coals. But if the pillars are of sufficient size to prevent the " creep/^ 
and the coal is properly undermined, so that the weight of the strata 
above will break off or split the coal, the produce will then be nearly as 
good as the coal pro<luced from the whole mine. Great judgment 
ought, therefore, to be exercised in determining the size of the pillars 
for any particular colliery. 

DlAQRAH No. XL 

Plan 1. — According to this plan, the water level drifts are, in tbe 
first place, driven out from M to A. A pau* of headings ai-e then driven 
at right angles to the water levels, which continue as far as B, being the 
extent of district G. Boards are driven from these headways to the ex- 
tremity of the boundary ; and this district being now completed in the 
first working, the naked lights are withdawn, and the safety-lamp intro- 
duced instead. The taking off of the pillars may now be commenced 
with, and while this operation is being proceeded with, another pair of 
headways, similar to the former, are driven from D to E. Boards are 
then turned away from the headways, forming another district similar 
to G, in order that it may be completed in the first working, by the 
time that district G is all worked off. By this method of working, the 
men may use candles while working district F, in tlie whole mine, 
as it is ventilated by a separate cun-ent of air from that which ventilates 
the broken mine. By this arrangement, too, the naked lights may at all 
times be kept at a proper distance from the goaf. 

The advantage in deep mines of going to the extremity of the coal 
field before commencing to take off the pillars, (thus more easily keeping 
the horse roads in order,) is too obvious to need any further remarks. 
I have observed, in mines where the seam is naturally tender, and the 
mode of working such as T have described on a former diagram, — that is, 
where the pillars are removed as the boards in the whole mine progress, — 
very great loss has been occasioned by the breaking of timber in the 
horse-roads, and the return air-courses are, from the same cause, very 
expensive to maintain. In some cases, under these circumstances, it is 
almost impossible to leave barriers of coal of sufficient size to prevent 
" creep" from taking place. 
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Should this desirably result be attained, in however small a degree, I 
shall certainly deem myself amply repaid for the time and trouble ex* 
pended in the preparation of these papers. 

This, and the preceding paper on the Lundhill Explosion^ which I had 
the honour of bringing before your nokce some time ago, have been, I 
must confess, rather hurriedly arranged. Yet I trust, notwithstanding 
all imperfections, that what has been said will prove more or less useful 
and interesting to all who are connected with the important profession of 
mining engineering. 

If I have failed in this attempt I haye fiuled through want of ability, 
and not from a want of disposition to do justice to this most important 
subject. 
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Nicholas Wood, Esq., Prbsidbnt of the Institute, in thb Chaib, 



The Secretary, before reading the minutes, said it would be necessary 
to call the recollection of the gentlemen present to a resolution to have 
an opinion taken as to the propriety of Mr. Reid's charges for printing 
the proceedings. As this matter had been intrusted to him, he wrote to 
his own booksellers to recommend a person, or two persons, to give an 
estimate of the cost of the lithographing, including colouring, and the 
printing. He wrote to Messrs. Smith, Elder, & Co., who had published 
books for him, and they recommended Messrs. Spottiswoode & Co. He 
beliered Mr. Spottiswoode was known to Mr. Wood, and he was also 
known to himself, (the Secretary). On being written to, he very readily 
undertook the estimate, and wrote as follows : — 

New Square^ LomUmg No9. 1, 1858. 
Dbab Sir, 

We heg to send you herewith an eetimate for printtng 530 copiee 
of the TraDMctums, ToL Y., as if from Ma oopy, tIi., £448 la. 6d. It is ahnost 
impossible to say what ought to be the charge inourred by authors for oorrectioiis and 
alterations in a worlc of this kind, but it ought to be Tery little if tha copy is weU 
prepared. 

Tours faithfully, 

J. SPOTTISWOODE k Co. 
Thomas Doubleday, Esq. 

The Pbesident — It appears from this, that Mr. Reid charges £14 

YOL. YII^— DXCSMBIB, 1858. X 
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less than Messrs. Spottiswoode's estimate, and, considering the trouble 
which he has in arranging those papers, and the mode in which the 
work is got np, which is very creditable to Mr. Reid, I think there is no 
question that it is desirable to continue the printing in his hands. How- 
ever, this matter was taken into consideration bj the Council, and Mr. 
Doubleday will read their opinion. 

The Secretary read the minuted of the Council, to the effect that they 
did not deem it advisable to make any change. 

The minute of the Council was confirmed. 

The Secretary next read a resolution of the Council, that a certain 
number of copies of Mr. Wales' paper be distributed among the collieries 
subscribing to the Institute. 

The President — It had been suggested to me, that as Mr. Wales' 
paper was of a practical nature, it might be useful to distribute some 
copies of it amongst the viewers and overmen of the different collieries. 
Not having an opportunity of consulting the Council, and it being neces- 
sary to decide whether any should be printed, I took it on myself to 
order 250 extra copies to be printed, which has, I believe, been done. 
The Council to-day have relieved me from the responsibility of having 
done so* It still, however, remains with the meeting how they should 
be distributed } the Council having come to a resolution that they should 
be distributed amongst the collieries in proportion to the amount of their 
subscriptions; thinking it was scarcely right to give them to the col- 
lieries that did not subscribe. We have, certainly, been much dis- 
appointed in the support we have received from the collieries generally, 
and which, firom the good that we trust has been done by the Institute, we 
had a right to expect. To give those collieries which do not now subscribe 
copies, perhaps, might induce them to subscribe. It was suggested at 
the Council meeting, as desirable, to give to each of the members an 
extra copy, for distribution, but, thei*e being 228 members, and only 250 
extra copies ordered, that would, of course, take up nearly the whole of 
the extra copies. I do not know whether the press is in such a state that 
extra copies could be printed, if so, then they might be distributed more 
liberally. It seems desirable, that the paper having been written with the 
express view of being made useful to viewers, underviewers, and overmen, 
they should get copies. They could, of course, obtain copies at the end 
of the year by purchasing the whole volume at a guinea, but it would 
be a long time to wait, and an expensive mode of getting it. 
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Mr. Hall said Mr. Wales' paper was a yery useful one, and if double 
or treble the number were printed, they might be sold for what they cost. 

Mr. Dunn concurred in the propriety of that suggestion. They 
mighty in this instance, deviate firom the general rule. 

Mr. Hugh Tatlob, who had just entered the room, was asked his 
opinion. 

Mr. Tatlor said, he should always pay deference to the decision of 
the CounciL Had they not come to that decision, he should have 
thought it invidious to make a distinction between the collieries, the 
principals of which subscribed, and the rest, because it was desirable 
that all the viewers should have the benefit equally. As they had come 
to this decision, he might suggest the giving of one or two copies to 
each subscriber, to make use of in any manner he might think fit. 

The President — I concur in what Mr. Taylor sap. There is a deal 
of liberality in it which ought to belong to an Institute of this descrip- 
tion. Still, I must repeat, that we have not received that support from 
the coal trade, which, I think, we are justly entitled to ; out of nearly 200 
collieries in the trade we have only about 60 subscribing to the Institute. 
We have laboured hard to make it useful, and, I believe, it has raised a 
degree of emulation amongst the managers of the mines which has been, 
and will be, beneficial to the trade at large. Our energies and 
our usefulness are very much crippled for want of models, books, &c., I 
trust, therefore, that when Mr. Taylor next presides over a meeting of 
the Coal Trade, he will impress upon them how very desirable it is that 
they should give the Institution more substantial support. I know the 
opinion of Mr. Taylor would have very great weight with the coal- 
ewners. I hope, therefore, that we may shortly expect a more numerous 
list of subscribing collieries. I now find that it is quite practicable to 
order an additional number of copies of Mr. Wales' paper, as the type 
is still set up, we can, therefore, enlarge the number of copies already 
printed, and consequently embrace all the objects which have been sug- 
gested. He would, therefore, move that 750 additional copies be printed. 

The President put the motion, whicb»was carried unanimously. 

The meeting proceeded to the election of new members : — Messrs. 
Edward Hedley, Dodsworth Road, Bamsley, Yorkshire j Alfred P. 
Bockwell, M.A., Norwich, Connecticut, U.S., North America; Andrew 
Landale, Lochgelly, Fifeshire, North Britain 5 and John Straker Wilson, 
West Cramlington, Newcasde-on-Tyne, were elected; and Mr. John 
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KeiT; of Hamilton Gas-Coal WorkS; Lesmahagow, N.B.^ was proposed 
for election at the next meeting. 

The President — ^The next proceeding is a statement as to what 
progress has been made towards the establishment of a Mining College. 
Mr. Thos. John Taylor and myself; by appointment, last week met the 
Warden of the Uniyersity of Durham, and Mr. Chevallier, one of 
the professors, on the subject of connecting the Mining College with 
that University ; and without going into details, which occupied two 
or three hours, I can only say the meeting was of an extremely 
satisfactory nature. I think, from what took place, the Univer- 
sity, so far as they are able, will do everything in their power to aid 
the establishment of a Mining College. The conclusion was, that 
Mr. Taylor and I should put down in writing the views entertained by 
the Council of what was desirable, as much in detail as possible, and 
that we should meet at the first opportunity. I presume we shall 
be able to meet together very shortly; and before next meeting of 
the Institute, we shall have made such progress as to be able to lay 
before you the nature of the arrangement proposed for the establishment 
of a College. 

Mr. TAYI.0R — ^This is, of course, preliminary. After due preparation 
you can then bring the question before the Institute, and have a discus- 
sion upon it. 

The President — This is all the business except the discussion on 
Mr. Atkinson*s and Mr. Wales' papers. 

Mr. Hall said, some slight mistakes had occurred in his paper which 
he would like to explain. It was on the French Coal-field. He found 
at page 78, the third line from the top, the area was set down at 920 
square miles, and it ought to be 1,920 square miles. The error occurred 
in reducing the French kilometres. He would have corrected the error 
at the last meeting, but ho happened to refer to Mr. Dunn's work on the 
coal trade, and he found Mk Dunn set it down at 914 square miles, 
which confirmed him (Mr. IL), in his error. There is another error at 
page 98, the 18th line from the top, 11,760 should be 11,960 square 

yards. 

Mr. Atkinson's paper on " splitting," which stood first for discussion, 
was postponed in consequence of the unavoidable absence of Mr. Thos. 
John Taylor, who wished to be present at the discussion. 
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DISCUSSION ON MR. WALES' PAPER. 
The Presidbnt said, as this paper was intended to be printed and 
drcalated separate from the proceedings of the Institute, it was desirable 
that the discussion thereon should be printed with the paper. He, there^ 
fore, proposed that they should take the discussion on the respectiTe 
diagrams seriatim. He would, in such case, first ask Mr. Wales if he 
had any further explanation or additional remarks to make, and then go 
on with the discussion generally. 

Beautrki on JHagram No, I, were then read, 

Mr. Wales — ^The members would observe, that in this diagram the 
air was taken to the further board or working place, and carried up such 
board to the &ce, and then carried across the face of all the working 
places, and so down the first board, and along the return drifts, to the 
upcast shaft The board stoppings being remoyed forwards as the 
working places advanced. 

Mr. Dunn — That is what you call ^^(ace airing," but at that time 
there were a course of stoppings left standing occasionally, at every 
fourth, fiflh, or sixth pillar, to distribute the air in the waste, which was 
not a partial coursing of the air. 

Mr. WALES^That was what was called '' shething the air." 

The President — Up to what date was that practised ? 

Mr. Wales— Previous to 1760. 

Mr. Dunn — Mr. Spedding introduced the system of coursing the air 
at the Workington Colliery, in Cumberland, in or about the year 1760. 
The universal system of ventilating coal mines, previous to the coursing 
of the air, was either that the waste was not ventilated at all, or, that a 
partial distribution of the air in the waste took place, which was called 
** shething." In the latter cases there was no inflammable gas. 

Mr. Barkus — ^In the years 1812 and 1815 in some collieries there 
was a great deal of ''shething." More than '' coursing" the air. 

Mr. Atkinson — It would be interesting to know if any explosions 
resulted from the waste getting foul ? 

Mr. Barkus — No doubt; we can refer back to explosions having 
taken place when the waste became foul in consequence of its not being 
coursed, but only shethed. One of the pits at Harraton Colliery ex- 
ploded from that cause. It was the general custom on the Wear to 
sheth the waste, and not to course it, when I first commenced practise in 
1812, and even after that period. 

Mr. Wales — ^They must have been very slow in their adoption of 
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improvements on the Wear. Coursing having been introduced fifty 
years previously. 

Mr. Dunn — Certain districts of the Wear produced no inflammable 
gas, and at these collieries '^ shething'' only was practised, but at the col- 
lieries whei*e gas was produced, '^coursing" was in use, indeed, these 
collieries coidd not otherwise be worked, as there were no safety-lamps 
at that time. 

The Presidbnt — ^Then I think we have come to this condnsion, that 
up to 1760, if any air was taken into the waste, it was done by the 
system of ''shething," and that this was the system applicable to 
diagram No. I. We shall come to the details of coursing the air in the 
discussion on the next diagram. Previously, however, to leaving the 
subject of shething, it may be desirable to give a short description of 
this mode of ventilating the waste, if it can be called ventilation. This 
appeared to consist of building stone stoppings in every third wall, which 
operated to carry any air which might scale through the timber board 
stoppings along the face of the workings, back again to the workings } 
and a scale of air being allowed to pass them, and also through some 
portion of those stone stoppings, as circumstances pointed out or rendered 
necessary, the waste was, by that means, partially ventilated. It was 
not, however, by any means the practice to place these stone stoppings 
in every third wall, this depended entirely upon the state of the waste 
in each case. In some of the old wastes, large areas of pillars were 
found standing without any sheth stoppings, in cases where there are 
no discharge of inflammable or other gases. 

Mr. Dunn and Mr. Barkus corroborated the foregoing statement 

The President — We have now, I think, exhausted the subject of 
ventilation in the early period of coal mining, let us now take a glance 
at the mode of working the coal at that period. If we are to take the 
diagram as an illustration of the mode of working, that represents about 
one-third of the coal taken away, and two-thirds left. My experience, 
derived from examining the old workings of several collieries, would 
show that; generally a much larger proportion of coal was taken away. 
My notion is, that the principle laid down was only to leave the pillars 
of sufficient size to support the superincumbent strata, the intention 
having been, in the very early period of working coal, to support the 
superincumbent strata, and to leave pillars only just sufficient to accom- 
plish this, and in some cases mere shells of coal appear to have been 
left over large areas of workings. 

Mr. Hall — In all the old seams I have examined, I find the old people 
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have been very clever in getting away the coal. I have seen a large 
extent of pillars^ of two or three yards in thickness^ in a seam seven feet 
in height. I have not seen any pillars taken away entirely in such cases, 
bot there had evidently been a second working. 

The President — With regard to working pillars, I have taken some 
tremble to enquire into the facts regarding this operation. I find, that 
previous to 1780, pillars had been worked, and they were, moreover, 
worked as a system, by extracting all the coal and allowing the super- 
strata to fall. It appears to have been a very general practice, when it 
was supposed that the pillars left in the first working were more than 
sufficient to support the strata above, to reduce, or, as they termed 
it, to ''rob" the pillars. And this appears to have been done, some- 
times by taking away a portion of the ends of the pillars, and 
sometimes the sides, still leaving what was supposed to be sufficient 
to support the roof. At times this appears to have been carried on 
to such an extent as to render the pillars insufficient to support the 
superior strata, the result of which was, that they were crushed, and 
produced what was called a '' thrust." The old records speaking of 
^ thrusts " having occurred throughout a large extent of workings. The 
pillars in this case were crushed to pieces, and the roof fell to such an 
extent as to fill up all the openings made in extracting the coal in the 
first instance. This took place when the coal was worked at moderate 
depths. Still later, when the coal was worked at greater depths, what 
was called a '' creep" took place, from the same robbing of pillars, the 
pillars being crushed, and the thill rising up and filling the openings 
in the boards. And the instructions to the viewers, at those periods 
when their opinion was asked, in consultations, as to any further working, 
to report ''what portion of the pillars can be taken away so as not to 
produce a thrust, or creep," as the case might be. At that early period 
I find remonstrances from the landowners, of the surface being damaged 
by the pillars being ." taken away," in contradistinction to the effects of 
a creep or thrust, which was complained of as producing cracks in the 
walls, and otherwise damaging the buildings. We may, therefore, 
assume that pillar working took place at a very early period of coal 
mining. 

At that period, the reducing or entire removal of pillars was pursued 
without any reference to ventilation, the only exception being that the 
stoppings in the sheth walls were secured, but this occurred in very few 
cases. Where ventilation in the waste was required, it appears to have 
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been the case, generally^ not to remove all the pillars^ but to leave them 
of sufficient dimensions to support the superincumbent strata^ and to 
accomplish that object, except in cases where the pillars either had origin- 
allj; or had been reduced, to make them insufficient for such a purpose^ 
and where thrusts or creeps had been produced. 

Bemarkt on Diagram No. II. were tJun read. 

Mr. Wales — ^The improvement shown in this diagram is in coursing 
the air in the waste. 

Mr. Dunn — ^You have drawn this plan three boards to the course. 
When there was not much gas the air was distributed into five boards, 
and, in some instances, the air was only taken up and down in one 
course, though there might be twenty boards in one sheth of workings. 

The President — My experience is, that the air was more generally 
coursed two and two, the exceptions being where there was no inflam- 
mable gas, and no other noxious gas discharged. Then, as Mr. Dunn 
states, the air was distributed into three, four, or five boards, and, 
in some cases, the whole of the air was taken into the workings, then 
coursed down to the main road, back again up to the &ce, and then along 
the face and through the remaining waste to the return drift to the shaft. 
Mr. Si)edding, as previously stated, introduced the mode of coursing the 
air in the year 1760. 

Mr. Atkinson — ^When the length of the courses for the air to travel 
from the face to the main road was very great, it was, I believe, the 
custom to have board end stoppings, such as is shown in the diagram, 
placed about midway, or at any other distance from the face of the work- 
ings. The air was then coursed back and forward between the hce and 
those board stoppings, and ailer ventilating the working places, the air 
then ventilated the waste between the board stoppings and the main 
roads. 

Mr. Wales — ^This mode would ensure fresh air to the working places, 
and not the contaminated air from the long courses of the waste ; and 
the stone board stoppings would prevent the scale of air through the 
timber stoppings escaping into the return. It is an old idea amongst 
pitmen, that by shortening the courses more air was obtained. It was 
certainly more pure. 

The President — They would observe, that at this time the safety- 
lamp was not invented, and that the only light used was candles. At 
Killingworth Colliery the discharge of gas in some of the working places 
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was at one time such, that it was necessary to take the air, after leaving 
each working place, down the long courses, to '' dash " it, or to mix the 
light inflamnlable gas with the bulk of atmospheric air, before it could be 
taken into the next board, and used with the naked candle \ the light 
gas on the top of the current being inflammable without such admixture. 
This was, no doubt, a very ticklish operation, rendered still more so by 
having to test the explosive point of the air by the naked light, but it 
was unavoidable before the safety-lamp was invented. 

Htmarloi on Diagram No, III, were then read, 
Mr. Wales — ^This diagram shows the mode of working the pillars 
pursued previous to the use of the safety-lamp, which consists of the 
sheth wall not being interfei*ed with, and the two intervening walls 
taken away. In this way one-third of the. coal was left; but, by doing 
sOy the ventilation was preserved. 

Mr. DuNH — ^Mr. Wales had passed over the intermediate stage, viz., 
taking away a certain portion of every other pillar, and keeping the air 
going through the waste. 

The PRESiDEyT — ^There were various modes practised of taking away 
the pillars, and, at the same time, preserving the ventilation in the 
waste, depending upon the number of boards ventilated by such current, 
or, in pit language, in each course, the nature of the coal and other 
circumstances. In some cases the principle pursued was to take away 
a certain proportion of the pillars, leaving sufficient to support the roof, 
in which case the waste was left '^ upstanding -" in others, the pillars 
were entirely removed, which produced a " thrust" or " creep," and there 
were intermediate cases of working where a certain proportion of the 
pillars were left, not sufficient to support the superincumbent strata, and 
where a creep was produced, the coal so left being afterwards worked 
away, the thrust or the ^' metal ridges" of the boards forming the pillars 
to Support the roof. 

Betnarh* on Diagram No. IV, were then read, 
Mr. WALE&-^The remarks accompanying the diagram explain this 
mode of ventilation and working. The air is taken along the face by 
board stoppings, and then the standing pillars are ventilated. The 
pillars are entirely taken away, producing either a thrust or creep, and 
destroying all ventilation in the waste, which then becomes what is 
called a goaf or goave. 

Vol. VII.— Decembbb, 1858. y 
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The President — The diagram shows the system of working the 
pillars by "Jenkins," hut it is not essential to this system of ventilation 
and working pillars that, in doing so, the walls should be pierced by 
Jenkins. They may be removed by any other method hereafter described. 
The jenkin is only one mode of obtaining access to the coal comprising 
the pillar, with a view to its removal. Such access may be had by 
driving up one side of the pillar, or by taking away one-half to the end 
of the pillar, and removing the other half in returning. 

Mr. Wales — By jenkining the pillar the remaining coal is partially 
injured or destroyed. 

Mr. Taylor — I have seen it done without destroying the coal, in 
collieries at moderate depths from the surface, and when the coal was 
very strong. 

JUmarks on Diagram No, V, were then read. 

The President — ^Two very important elements of ventilation are 
introduced in this diagram, viz., tJie splitting of the airy or dividing the 
entire current of air produced by the funiace into one or more currents^ 
and the apportionment of the quantity of air in each split or current to 
the use of regulators. Arid the use of crossings^— The splittmg of the 
entire current of air into one or more separate currmits of unequal 
lenghts is generally accomplished by regulating stoppings being placed 
in the return air-courses of the shorter currents — openings being made 
in such regulating stoppings or '^ regulators " to admit only the Requisite 
quantity of air through such openings, and to force the remainder along 
the longer passage. In the diagram, A B is the longer, and A D the 
shorter current. A regulator is therefore put in the latter current at R, 
to force the requisite quantity of air along the course of the longer cur- 
rent A B; and as it is necessary that a small quantity of air should 
pass along the passage B S C, a " scale," as it is called, is allowed 
through a stopping at S 3 or, in fact, a regulator, with a very small 
opening in it, is placed in such short current at S. This splitting of the 
air generally involves the crossing of one current over or underneath the 
other, and therefore a viaduct or crossing is used by which this is accom- 
plished, shown at C, and the three splits of air meet at E. Consequently 
at A, where the splitting of the air takes place, and at E, where they again 
unite, the tension of tlie air is the same in all the curicmts. The friction 
or resistance opposed to the currents A D and B S C at the regulators 
R and S being* oquivalont to the incrca?ed resistance of the long current 
An. 
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Mr. Wales — It is important to observe the proper place where sucli 
r^olator should be placed. It may be placed at D^ but in this case the 
whole force of the pressure ajjainst the regulator would be thrown 
npcrn the board stoppings, and in case of injury to any one of them, it 
not only takes the air off the boards beyond, but may affect the air 
generally. Hence the necessity of having the regulator placed in a line 
with the permanent stoppings, as at R. 

Mr. Barkus — ^In this mode of ventilation the board stoppings along 
the fece of the workings A B and A D are to be removed every pillar. 
This is a great expense, and so far this system is objectionable. The 
air, in passing from A B to C and from A D to R, is coursed up and 
down the waste, there will therefore be a great tendency of such air to 
pass through the timber board stoppings, especially those near A, where 
the air on the one side of the stopping has upwards of four times the 
distance to travel to E that it has on the other ; consequently there will 
be a great scale of air through these stoppings, and the air will be very 
languid at B and D. The air might be coursed up and down, and when 
the courses were long, permanent board stoppings might be put in to 
shorten the courses, and to give fresh air to the workmen. 

Mr. Wales — Even in Mr. Barkus's mode he would require board 
stoppings, as, for instance, if the boards were coursed three and three, 
two of the boards would require board stoppings, as it would require 
stoppings in the two boards, on each side of the sheth wall, to carry the 
air to the furthest board in the downgoing course, therefore, only two- 
sixths of the stoppings would be saved. The stoppings are plastered 
with lime, and therefore there is not a great scale of air. 

The President — ^You save doors along the face of the workings by 
suoh board stoppings, which is of some consequence, and which are neces- 
sary in Mr. Barkus's case, in the sheth walls. 

Mr. Wales — I have rather understated the advantages of splitting 
the air. Suppose you have six miles of air-course, if divided in two you 
have only about half the resistance. 

Mr. Atkinson — If, instead of one long current, you divided it into 
two, and if the same quantity of air still continues to pass along each 
portion, then the resistance is one-half in each division, but the aggregate 
resistance is the same. But, if you divide the quantity of air into two 
portions likewise, then the resistance of each split will be only one-foui-th 
of one-half or one-eighth, (the resistance being as the square of the 
quantity, it will bo 1 : 2* = l-*JLth), or, for the eutire distance, one-fourth. 
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The President — ^IVo important objects has^ therefore, been obtained 
by the improvements shown in this diagram. We have the doors re- 
quired in* a pit very much superseded by the use of regulators^ and you 
have, by a splitting of the air into two divisions, instead of one long- 
current, the resistance reduced three-fourths ; by which, 'witiK the same 
motive power of furnace, a much greater quantity of sir may be obtained 
in any mine. 

iUmarki on Diagram No. VI. were iken read. 

The Pabsidbnt — ^This diagram, like the others, comprises the venti- 
lation and the mode of working; let us take the mode of woildng first. 

Mr. Barkus— These pillars are taken off at an angle, when these 
angles meet in the centre at D, the pillars to be lastly taken off will 
hi^ve the whole weight of the superstrata upon them, with no lateral 
support, there being goaf on both sides. By this mode the coal of these 
piUars will be much crushed. 

Mr. Wales — ^This mode is, no doubt, liable to this bbjeotion, but we 
shall find this provided for in the different modes hereafter to be described. 

The President — It does not appear to me, that it follows as a matter 
of course, that this mode alone should be assumed as that which was 
always used in taking off pillars of this description. We must take 
into consideratipn that the time has arrived when the benefit of the use of 
the safety-lamp was resorted to, and that in cases where there was inflam- 
mable gas, such lamp would be used in taking off the pillars shown 
in this diagram. We must, likewise, bear in mind, that those are pillars 
which had been left as unworkable, previous to the invention of the safety- 
lamps, and that they were little more than sufficient to support the super- 
strata. Large tracts of such pillars having been left standing in the 
Counties of Northumberland and Durham. The question then was, 
which was the best mode of taking them off. No doubt, the mode de- 
scribed in this diagram has been most extensively pursued, lint there 
are several modifications thereof, where circumstances admitted, by which 
such pillars were removed. We are, therefore, discussing a case which 
will not, in all probability, again occur. It may be assumed, that now 
we have the aid of the safety-lamp, some one or other of the several 
modes which will be hereafter pointed out, has, or will be, adopted, and 
that in the intermediate stage of forming pillars, to be thereafter taken 
away, they will be left of such dimensions, and that the workings will 
be so laid out or organized, as that the loss of coal by creeps, or thrusts, 
or insufEcient strength of pillar to support the superincumbent strata. 
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wHl be EToided. We may^ I think^ therefore^ go 'on to the next consi- 
deration, that of ventilation. The mode of ventilation seems generally 
to be the same as that of the last diagram, viz., taking the whole of the 
air up the main road to the {^ce, and dividing it right and left into two 
splits, keeping it up to the face of the workings by a row of board stop- 
pings from A to B and A to G. 

Mr. Wales — I have already described such stoppings, which I prefer 
being built with small coal, or stone, in preference to bridk, which is apt 
to be crushed or broken down by the weight. S S in the diagram are 
scales which are left for the piirpose of allowing a portion of the air 
which is forced by the stoppings upon the working places to traverse the 
back pillars. As a principle, we confine the whole of the air into the 
working places and goaf. If there were no scales in cases of falls, £c., 
the general air of the pit might be diminished. The scale allows a 
certain portion to pass through the stoppings in such cases. 

The President — ^These scales are, in fact, a description of regulators. 

Mr. Taylor — You have no such thing as a self-acting regulator? 
Suppose the pressure to increase, and no air going through the goaf, 
would it not be desirable to have a self-acting reg^ulator to give way in 
such a case, and to allow the air to pass through it ? 

Mr. Daglish — ^You might have canvass doors, or a common swing 
door, which would yield to a sudden or even continued pressure, and so 
allow the air to pass through them. 

Mr. Wales — Something of this kind could no doubt be contrived. 

Remarks on Diagram No, VII. tvere then read. 

Mr. DuKN — ^This is the system of panel working introduced by 
Mr. Buddie in the year 1815. 

The President — ^The safety-lamp having been introduced, an entire 
alteration of the system of working the coal took place. It was no 
longer necessary that the working places should be kept constantly free 
from inflammable gas, or that the current of atmospheric air should be 
always made to sweep away the gas, so as to admit the use of candles. 
The safoty-lamp could be used in cases where this was impracticable. 
The whole of the pillars could likewise be taken away, and goaves formed, 
even where inflammable gas existed, and the working of pillars could be 
carried on even though such goaves were filled with inflammable gas, 
it being only necessary that the edges of such goaves should be venti- 
lated, so as not to allow the working places to reach the inflammable 
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point. Admitting^ therefore^ tliat gas was thus allowed to accumulate 
in large quantities^ and in extensive and continuous districts, it was clear 
that if an explosion did occiir, (which might be the case by accident to 
the safety-lamps by falls of stone or otherwise, or by carelessness or 
wilfuhiess on the part of the workmen in damaging the lamps) it would 
be extremely disastrous. Mr. Buddie, therefore, adopted the system 
of panel working, as shewn in the diagram, by which each district of 
working was inlulated from the adjoining district, so that any explosion 
occurring in any particular district, would not be communicated to 
another. There was also another advantage in panel working — candles 
could be used in working the whole mine, where the ventilation was 
perfect, and when pillar working was conunenced, and the ventilation 
destroyed by goaves being formed, then safety-lamps could be exclu- 
sively used, and candles excluded from the working within such panel 
entirely. 

Mr. Barkus — I see by the diagrams that the pillar working is shewn 
as commencing on the right-hand comer of the panel, which results in 
the roof having to be broken down a-fresh at the commencement of 
taking away the pillars in each panel, consequently, laying an increased 
pressure on such pillars, and crushing the coal ; would it not be advisable 
that the working should commence on the left-hand side of the panel 
where the roof is already broken down by the pillars working off the 
previous panel, such pressure would not then exist, and the coal would 
not be so crushed. 

The President — If you commence working on the left hand side of 
the panel, in order to obviate a second break of the superior strata, you 
must begin the working by removing the barrier, and so communicate 
with the goaf of the panel previously worked, this would destroy the 
insulation of each panel, and be in direct opposition to the principle laid 
down by Mr. Buddie. The advantage gained on the one hand, would 
be the saving of coals by the crush of the pillars in the second break, 
while, on the other hand, you have the disadvantage of a commu- 
nication between the goaves of the two panels, and the probable largo 
discharge of gas from the goaf of the abandoned panel. 

Mr. Barkus — You would have to take away the barrier at sometime 
or other, when a communication would then be made. My experience is 
in favour of extending the old goaf, and not leaving any barrier bet^^een 
that and the goaf in the course of formation, by beginning on the left 
hand side, and pursuing the working towards the right hand. Com- 
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mencing on the rig^lit hand side there will be a large open space, and, 
canseqnentlj, a large accumulation of gas, before the roof breaks down, 
which is avoided when the working of pillars is continuous, as it would 
be if thej were commenced on the left hand side. If an explosion did 
take place in the panel, plan 1, I think the effect would be more 
disastrous if the left hand barrier was complete, than if there was a 
communication between the two panels. In the former case it would 
be like shooting through two gun barrels (which the clouble headway 
would represent), whereas, if there was a communication through the 
barrier, or a portion of it taken away, the explosion would expand itself 
into such panel, and the effect would be less disastrous. He had, 
himself, been called in to examine an explosion which happened in a 
similar district to this, where all the horses and men were blown to the 
end of the barrier in a mass together. 

Mr. Atkinson and Mr. Liddell concurred with Mr. Barkus in 
opinion that the effect of an explosion would be diminished by its being 
allowed, by the working away of a portion of the barrier, to expend 
itself into the old goaf. So far the working away of the barrier and 
commencing to work pillars on ^e left hand side might be advisable, 
though it would subject the working of the panel, plan 1, to all the 
discharge of gas from the old goaf. 

Mr. Wales— It must be observed that the right hand side of the 
panel is the rise side, and it is always desirable to keep the goaf con- 
taining gas on the rise side of the workings. If the goaf is on the dip 
side, and the pillar working on the rise side, there is always the tendency 
of the gas to flow upon the working places. 

The President — It was often remarked at the commencement of the 
panel working, that the pillars were left of insufficient size, and that the 
barriers around the panel were for the purpose of stopping creeks or 
thrusts which might be occasioned by an inadequate initial strength of 
such pillars to prevent such casualties, and that it would have been better 
to make the pillars themselves of adequate strength, and not have 
recourse to the barriers. But the use of barriers did not necessarily 
imply that the pillars should be of inadequate strength, though there is 
no doubt that, in the first instance, such was generally the case. Panel 
working was, however, most extensively practised in the trade, particu- 
larly in the collieries under Mr. Buddie's superintendence. 
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The President — ^This is an adjourned meeting for the piirpose of 
concluding the discussion on Mr. Wales's paper on the Ventilation and 
Working of Mines. The discussion on the 2nd December last terminated 
diagram YII. ; we shall; therefore, commence with the discussion of 
diagram VIII. 

Remarks an Diagram VIII. were then read, 
Mr. Wales — Plan No. 1, diagram VIII., is a mode of working 
pillars at the same time that the boards in the whole mine advance, 
keeping in view that there should not be less than two pillars standing 
between the working with the lamps in the pillars and the naked lights 
in the whole mine. It will be observed that there are two doors placed 
at A for the purpose of allowing the coals to be brought out of the pillar 
working into the main rolley-way. If those doors are neglected or left 
open, then the air between D S and C might become stagnant, and in 
the case of there being a discharge of gas in the roof, it might back to 
the candle at D up the board C D. 

Mr. Atkinson — If the gas was very pure, it might back along the 
roof above the small quantity of air which might, under such circum- 
stances, be circulating from D to C at the time. 

The President — ^Then this is considered an objectionable plan in 
Vol. VII.— Jakuart, 1859. o 
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consequence. We shall now go on with the discussion of plan No. 2, 
which, I understand; is a mode of working in which such an ohjeotion 
does not exist. 

Mr. Wales — The arrangements of working in this plan are similar 
to No. 1, the only diffei*ence being in the ventilal^on. By referring to 
this plan, it will be observed that the aur is divided at E, one portion 
going to ventilate the whole mine, and the other the pillar working. 
By this arrangement, the doors at A, No. 1, are dispensed with, and 
the risk obviated by such doors being neglected or left open. It is, 
therefore, safer in this respect than No. 1. But suppose any accident 
should occur to the doors G D and H D, by which they were destroyed 
or left open, or should the pillars in which they are placed be worked 
away before any arrangements had been made in the adjoining pillara 
to keep the air going along the headway from B to F, tben the air 
between G D and F would become stagnant, and the gas or inflam- 
mable air from the goaf might expand and back in the direction F B 
to the stopping at S C. It then becomes a question of some importance 
in what direction, under those circumstances, the air will press through 
the stoppings S C. If towards the wliole mine currenl^ in sneh a ease 
the gas might be ignited by the candles, and the most disastrous result 
might be the consequence ; — or if towards the pillar working or the cur- 
rent E F, then no harm would ensue, safety-lamps alone being supposed 
to be used. I have stated, as my opinion, that the air would press 
through the stoi)pino^ S C from the pillar working into the whole mine, 
and if so, it is of the utmost importance that the air should always be 
constantly directed to the point F 0, and so, towards the pillar working. 

Mr. Wales, at this part of the discussion, introduced a diagram for 
the purpose of establishing his opinion, that the air would press through 
the stopping S C towards the whole mine. He stated that, at equal 
distances from E (point of division of the currents), the densities in both 
the whole mine and the pillar current would be equal ; and that, on refer- 
ring to diagram VIII., such distance would be at A and X respectively, 
(X being a point in the whole mine current the same distance from 
A as B is from A, and which would be in the middle of the second 
board to the right of P, or to the middle of the third board to the left 
of 8 C, diagram VIII., No. 2), consequently at B there is an excess of 
density above that at S C, equal to the distance of X from 8 C, and, 
therefore, the air will press through the stopping C from the pillar work- 
ing: into the whole mine. 
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Mr. Atkinson here handed m a paper, which he said was on this 
special point, which he had prepared since the last meeting, and which 
was read, as follows : — 

Mr. Atkinson — In the paper now under discussion it is stated, in 
reference to plan 2, diagram YIII. — ^^ If we suppose the existence of a 
scale in the stopping C, the question would then arise, whether the air 
would pass through the scale at C upon the candle, or whether it would 
pass from the whole mine into the broken ? This is rathei* an important 
question, for, should the air from the goaf pass through the scale upon 
the naked light, it would certainly evidence a very deficient system of 
ventilation. 

'^ As we have already observed, the distance to the stopping G, in each 
division, is equal, and it will, therefore, be obvious that the two columns 
of air will be equally balanced. Should any obstruction, however, take 
place in either of these divisions of air, then the air at the stopping C 
would press into the division in which the obstruction occurred ; but, 
everything remaining in order, the tendency of the air will be to press 
from the goaf into the whole mine, and such a mode of ventilation must, 
therefore, be admitted to be undoubtedly objectionable." 

I think it desirable to make a few remarks on the above paragraph, 
because it seems to me to oe at least ambiguous, if not self-contradictory. 

If it were obvious, as is stated, that the two columns of air would be 
equally balanced, it is difficult to understand why the tendency of the 
air to press from the goaf into the whole mine should be greater than 
its tendency to press from the whole mine towards the goaf, in the oppo- 
site direction. 

In the foregoing quotation it is also stated, in reference to obstructions 
taking place in either of the divisions of air, that the air at the stopping 
C would press into the division in which the obstruction occurred ; but 
this is only true in cases of obstructions taking place in either split before 
the points C or B are reached, as the very opposite tendency would arise 
from obstructions occurring in subsequent portions of either of the splits. 

An inference that might be drawn from the statements contained in 
the quotation is, that if the distances traversed by two currents of air, 
from the point where they are divided or split, to a stopping placed 
between them, are equal, then the pressure on each side of such stopping 
would be the same, and the air would have no tendency to press in either 
direction through a scale in such separating stopping ; this is, however, 
by no means a matter of course, and several other conditions require to 
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be considered in addition to the mere distanoes from the sjditting point 
to such stopping before it can be determined whether the air on each 
side of the stopping would be balanced^ or on which side of it the greatest 
pressure would exist ; and; in fact; the distances to be traTened by each 
split; after passing such a separating stopping; have as much influence in 
determining the question as those parts traversed by them before airiTing 
atit. 

The question as to the direction in which air will press through conmm- 
nications; connecting two splits or currents of air in a mine; is one of 
very great importance; and I; therefore; think it desirable that the 
general principles; on which all such questions depend for their siolntion; 
should be expounded in this discussion; so as to be circulated with the 
paper itself; with this object in yieW; I beg to submit to the meeting a 
general role on the subjecl^ together with one or two suppositious caseS; 
chosen to illustrate its application; before applying it to the partiealar 
case alluded to in the quotation already cited. 

It may be regarded as a general rule; that; when a cammmnieation it 
opened in a etepping, uparating two splits of air in a mine, ihe mr wiU 
prsss through the opening in such stopping from that epVU or current, 
which, on reaehikg the line of eommunieation in which the stepping is 
placed, has encountered the smallest proportion of ihe Ma2 common 
resistance that has to he encountered hy each of the splits in the otr- 
ways traversed hy them, after passing the point where ihe split takes 
plae^ and before reaching the point where they again re-unite. 

It arises from the principles involved in the above general rulC; that 
the question as to the direction in which air will press through an open- 
ing in a stopping; connecting two splits of air in a minC; depends; more 
or lesS; on all the following conditions : — 
1st. — ^The distance from the splitting point to the line of communica- 
tion in which the stopping is placed; by the route which each of 
the splits traverses. 
2nd — The distance in the routes of each of the splits from the Ime of 
communication in which the stopping is placed to the point where 
the splits are re-united. 
3rd — ^The areas and perimeters of the sections of each of the air-wayS; 
traversed by each of the splitS; and the nature of the material 
composing the internal surfaces of the air-ways in each of the 
splitS; as regards the frictional resistance they offered to the air 
in them. 
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ith— The namber^ dimensions^ and positions of the regulators in each 

of the splits. 
6th— The temperature of the currents of air in each of the splits^ in 

all parts of the air-ways where ascents or descents are met with^ 

together with the extent of each of such ascents and descents. 
6th — The quantities of air belonging to other splits by which either 

of the splits under notice are accompanied in any parts of their 

route. 
This question is affected by a few other conditions^ but^ as their effects 
on the ventilation of mines are generally insignificant, it is not necessary 
farther to advert to them in this discussion. 

In the examples it is now proposed to give, in illustration of the general 
role which has been enunciated, let the following conditions be presumed 
to exist. 

1st — ^That each split is confined to a single air-way over the whole of 

its route, reckoning from the splitting point to the point where 

the currents meet again. 
2nd — ^That the air- ways of each of the splits have one conunon area 

and perimeter of section over the whole extent of their routes, so 

that the resistances are proportional to the distances traversed by 

the air in the respective splits, 
drd— That no regulators, or other local obstructions, exist in either 

of the splits. 
4th — ^That no other currents of air unite or mix with the currents of 

either of the splits, while in their separate state. 
6th. — ^That the whole of the routes pursued by each of the splits are 

situated in the same horizontal plane. 
Let Fig. 1 represent a part of the workings of a mine in which the 
above conditions exist. 
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Them, if a coirent of air was divided into two splits or oorrants at the 
point A, one split passing on from A to B G D E, and under a crossing' 
at Fy to Zy and there reuniting with the other split; which, after sepa- 
rating from it at A| had passed through F 6 H I K L M, and to 
the same point of reOnion at Z ; and suppose the dotted line O H to be 
the line of communication, and the stopping C ; then, although the 
distance from A to B and G, and thence through the assumed oonunu- . 
nication to H, as shown by the dotted line G H, is exactly the same as 
the distance &6m A, tfarongh F and G, to the same'point H by the foute 
of the other current or split; yet it would be found, on o^eoiiig thenew 
communication from G to H, that these two currents or loolumns would 
not balance each other, but that considerably more motive tensioii would 
fuevnSl at the pcMnt H, in the ^lit having the longest subsequent route, 
than in the split having the shortest subsequent route ; and that^ tiiere- 
ibre, a current of air would be established from the fwint H towttrds Che 
point G, as soon as the communication was opened between them. • 

This result is clearly accounted for, on the prii^iples indicated by the 
general law before alluded to, in the folbwing manner :^-^Tbe air of tiie 
kmg route A F G H has, «t ihe point H, enoountersd m tmrnikr fropot' 
tUn of ths entire common reoiotanco due to each of the aplili, in its 
passage from A to Z, than has been enoountered by the air ef the other 
split A B G H, in passing from A through B to the point Q H» On 
examining the distances, it will be seen that the air in the long split has, 
at the point H, passed over a distance of 15 parts, out of a total of 64 
(the total distance by the long route from A to Z) ; while, in the short 
split, the point H has been reached by passing over 10 parts out of a 
total of 28 (the total distance by the short route from A to Z) ; so that 
the former current has expended 16-64ths, and the latter only 16-28ths 
of the entire common resistance, due to the whole of their respective 
routes, in passing from A to Z ; and therefore the former has d9-64ths 
of the motive tension due to the splits in reserve at the point H, while 
the latter has only 16-28th8 of the same common motive tension in 
reserve at the same point, and hence the former must overcome the 
latter, and create a current from H to G through the proposed commu- 
nication. 

It is, perhaps, superfluous to remark here that the entire resistance 
encoimtered by each of the splits, in passing from A to Z, must of 
necessity be the same, seeing that the two currents have each the same 
common tension at the splitting point A, and also at the point of reiinion 
Z, where they form a common aeriform medium. 
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In the ordinarj pit phraseology of this district; the result just noticed 
would be expressed by saying that the air going firom A^ through F and 
6, to H, would naturally return by the shortest route^ through G D 
and Fy to Z, in preference to following the longer route, from H, through 
I K L and M, to Z; but this mode of accounting for the result is 
objectionable, inasmuch as it attributes it to an imaginary cause, different 
from the true one, and it is easy to point out circumstances or conditions 
under which air will press from a split having a shorter, to another having 
a longer, return ; and the following example, will suffice to show this. 

In Fig. 2, let the general conditions, already stated, be presumed to 
prevail :— 
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Suppose the intake air after passing from M to A, to be split into two 
currents, one passing through B G D E F and 6, to the point of re- 
fknion at Z, while the other split, starting from the same .point, A, passes 
through H I and £, to the same point of reiinion at Z ; then, if a com- 
munication were opened from the point I to D, or a stopping G, as in the 
diagram, the result would be that a current of air would press from I to 
D, where it would join the split passing from A through B and G, and 
with it would return from D through E F and 6 to Z, the point of 
general reiinion, where it would be joined by the air passing from I 
through £, to the same |)oint Z, and with it would pass out in the 
general return through L. 

In this example we have air pressing from I, through D E F and 

0, to Z, a distance of 16, in preference to passing only a distance of 4 
from I through £ to Z, and the air passing from A B and G, on reach- 
ing D has also two routes offered to it, one a distance of 14, through E 
F and 6 to Z, and the other a distance of only 6, from D through I 
and K to the same point Z ; and yet it will pass along the longer route, 
and avoid the sliorter one. This is strictly in accordance with the 
general rule already laid down, and is explained in the following manner. 

The short split in passing from A, through H, to I, has, on reaching 

1, overcome the resistance due to 2 parts out of 6, (the entire resistance 
it has to encounter in passing from A to Z ; ) and therefore, it has in 
reserve at the line of communication, I, 4 parts out of 6 of the total 
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motive tension required to propel it from A to Z ; while, on the other • 
hand, the air of the longer split, on reaching the line of communication 
at D, has encountered 16 parts out of 30, (the entire resistance that has 
to he encountered in passing from A to Z ^ ) and has, consequently, in 
reserve, at the point D, only 14-80th parts of the common resistance, 
(to he encountered by each of the splits in common), which, being less 
than the 4-6th, or what is the same, 20-30th parts of the same resistanoe 
in reserve at the point I, in the shorter route, it necessarily follows that 
a current will be established from the latter towards the former, through 
the line of communication. 

The general law which has been stated to operate in deciding tiie 
direction in which air will press through a conununication connecting two 
splits of air in a mine is not limited in its application to cases where any 
particular series of conditions happen to exist, but is of universal appli- 
cation to all cases, provided only that the conditions before enumerated 
as necessary to the determination of the question are known. 

Before, however, it is possible to decide as to the direction in which 
air would press through a scale in the stopping 0, shown in plan 3, 
diagram VIII, of the paper under discussion, it is absdutdy necessary 
to assume certain conditions, as to which the paper itself if silan^ because 
by altering the conditions alluded to, the direction in which the air would 
press might become reversed. 
Let it, therefore, in this case be assumed — 

1st — ^That each of the galleries or air-ways have the same imiform 

area and perimeter of section and the same character of internal 

surface throughout their extent, so that equal distances in single 

air-ways offer equal resistances to equal quantities of air passing 

in the unit of time. 

Snd — ^That the goaf and adjoining air-ways, taken together, present, 

over equal distances, the same resistances as would be due to 

the air passing along a single air-way of the standard dimensions* 

This is equivalent to presuming the air-wajs in the broken to 

require the area offered to the air by the edge of the goaf in 

order to reduce their resistances to that of a standard air-way. 

Srd — ^That the temperature of the air in each of the splits is the same 

throughout their extent, or, on the other hand, that their routes 

are both perfectly level. 

4tli — That the regulators X and Y are so opened that equal quantities 

of air pass into each of the two splits. 
5th — ^That the air returning from the district lying to the right hand 
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of or beyond No. 2, be exactly such as to occupy one of the two 
returns at the foot of the panel, leaving the other return free for 
the whole way air, which may thus be treated as being confined 
to a single air-course throughout its extent. 
Then the following are the distances traversed by each of the splits, 
and the results in accordance with the foregoing rules : — 

Whole Coal-rvay Air, 

Link!. 

Distance from splitting point E to the stopping C = 1550 
Do. from stopping C to regulator Y- = 1990 

Do. from regulator Y to reuniting point X = 1210 

Do. total, of the whole coal-way split = 4750 

Pillar Working Way. 
Distance from splitting point £ through a wall to Q = 135 
Do. from K to B by one route 1010 1 

Do. from K to B by the other route 1410 ) 
By applying the formula [69], page 121, Vol. III. of 
Transactions, the resistance presented by the above 
two routes from K to B is equivalent to that which 
a single air-way of the same sectional dimensions 
would offer if it had the length expressed by 

1010 X 1410 

1010 + 2 >/1010 X 1410 + 1410 ■" 
yii*tual distance from splitting point to B in single 

channel = 431 

Distance from B through the broken to the point of 

reunion near X = 2400 

Total virtual distance of the pillar working- way split 2831 
Now, if there were no regulators the air would have divided itself 
over the two splits in the inverse proportions of the square roots of the 

above distances, or in the proportions of —====: to the whole mine, and 
^ ^ V4750 

Qgoj^ to the broken mine, being in the proportions of about 5,320 to 

the whole, and 6,892 to the broken, on taking the entire quantity at 
12,212. 

But since the conditions, in this case, are, that the openings in the 
Vol. vn^— January, 1859. h 
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regulators X and Y are such as to cause equal quantities of air to pass 
in each of the splits^ it is necessary to suppose the opening in the regu- 
lator at X to he so much less than that at Y^ as to create an excess of 
resistance equal to that of an air-way of the standard size, having a 
length equal to the differences of the virtual distances^ or of 4760 — 
2831 = 1919 links. 

On the supposition just noticed^ we find that the whole way air has, 

on reaching the point C, encountered t^tj; parts of its resistance^ while, 

at the point B^ at the other end of the line of communication, the broken 

way split has only encountered j=^ parts of the same resistance j so 

that the w^hole way air only has in reserve at G 3200 parts, while the 
broken air at B has a reserve of 4319 parts, out of 4750 parts, of the 
common resistance due alike to each of the splits ; and hence the air 
would pass from the broken into the whole, or from B to 0, if there 
was any escape or scale of air at the stopping C. 

Mr. Wales expressed general conciurence in the views enunciated in 
Mr. Atkinson's observations, and took occasion at the same time to repeat 
his former observations with regard to the pressure at the stopping G, viz., 
that if an obstruction occurred at P the pressure would be in the direction 
of the whole mine, but if at Q the pressure would then be towards the 
pillar working. 

The President — Mr. Atkinson's exposition of the principles which 
regulate the scales or pressure of air from one current to another in 
different parts of the route from the downcast to the upcast, or from the 
splitting of currents to the points where they again reilnite, is quite clear. 
In the case of one single cun-ent from the downcast through the workings 
to the upcast (in furnace ventilation), we have a certain tension of the 
air at the bottom of the downcast and a less degree of tension at the 
bottom of the upcast, (the difference of the weight of the two columns 
being the motive power), the degree of tension at any other point in the 
route will be in proportion to the distance traveled by such current of 
air from the bottom of the downcast towards the upcast shaft ; and, if 
we have two currents separated, or a split at the bottom of the downcast 
shaft, and reuniting again at or near the bottom of the upcast, then the 
degree of tension of each current in any part of the route is, as before 
stated, proportional to the distance traversed by each current from the 
bottom of the downcast as compared with the entire distance. If we, 
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therefore^ make a communication between those two currents in any part 
of the route, that current which has traversed the shortest comparative 
distance from the downcast to tbe upcast, will press towards that 
conrent which at that point has ti'aversed the greatest comparative dis- 
tance — supposing the resistance in both cases throughout the respective 
routes is uniform throughout the entire distance. But suppose one 
corrmt to have a shorter distance to travel than the other, then the 
pressure of air will be towards the short current, until the increased 
vdocity, and, of course, increased resistance of the air along the short 
current compensate for the extra length of the longer current, when thej 
will become balanced. But if we wish the velocity of the air to be the 
same in both cases, then a regulator must be placed in the short current, 
when the increased resistance of the air through such regulator will com- 
pensate and balance the extra length of the long current, and the 
tension of the air of the short current at the regulator, or before passing 
through it, will be the same as the tension of the air of the long current, 
at the same distance from the downcast shaft, or from the split of the 
two currents in both cases, and the tension of the air of the short current 
from the regulator to the upcast, or to the reiinion of the two currents, 
will be precisely the same as that of the long current at the same distance 
from those points ; the obstruction of the regulator being equal to the . 
resistance of the difference of the length of the two currents. Then the 
direction of the scale of air tlu*ough any stopping separating two currents 
of air, may be easily determined by attention to those principles. 

A discussion of some length ensued amongst the members present, 
both on the case of the diagram before them and also on suppositious 
cases, but as all the conclusions resulted in the recognition of the prin- 
ciples laid down by Mr. Atkinson, it is not necessary to give the details 
of such discussion. 

Mr. Dunn— Let us discuss the practicability of bringing a portion of 
the air of the whole mine current, after leaving those workings into the 
pillar working, through the stopping B, No. 2, diagram VIII., instead 
of allowing it to pass to the upcast shaft by the regulator V. 

Mr. Wales — ^This cannot be done if the quantities are to remain the 
same in both currents. 

Mr. Dunn — Assuming you have 10,000 cubic feet of air per minute 
passing into the whole mine, along the headway A D P, and 10,000 
cubic feet into the pillar working from A to B, could we not, by opening 
the stopping at the right hand of B, closmg the regulator Y to a certain 



64 

extent^ and opening the regulator X a similar extent^ abstract 6;000 
cubic feet from the current A D P^ cause it to pass through the stopping 
B, and so join the pillar current of air^ which would give 10^000 passing 
through the whole minC; 16^000 through the pillar working and regu- 
lator X^ and 6;000 through the regulator Y^ making the aggregate 
quantity at E as before^ 20^000 cubic feet per minute? 

Mr. Wales — I do not think this can be accomplished and allow the 
currents A D P and A B to be equal^ viz., lO^OOO cubic feet eaoh^ the 
total quantity at E being 20^000 cubic feet per minute. Let us oondder 
how matters stand before we commence. It is quite dear the pressure 
of air through the stopping B is from the pillar working towards the 
whole mine current. We must^ first of all, therefore^ balance this, which 
will be done by contracting the regulator Y, and opening: the regulator 
X. Such obstruction of Y and opening of X, will, of course, haye the 
effect of diminishing the whole mine current and increasing the pillar 
current, the latter being the shorter current, probably 1,000 cubic feet 
would balance the two currents at B ; then we should have 9,000 through 
the whole mine, and 11,000 through the pillar working. Now, if we 
wish an additional quantity, say 4,000 feet more, through the pillar work- 
ing, then we must further close the regulator Y, and open the regulator 
X, and so allow 6,000 to pass Y, and 15,000 to pass X. Then if we open 
the stopping B, what will be the effect? You will not haye 1 0,000 
passing into the whole mine from A to D P and G, with 6,000 passing 
through B, and the remaining 5,000 through the regulator Y. But you 
will have a larger quantity passing through the pillar working, and a less 
quantity passing through the whole mine workings. For this reason, 
when 11,000 was passing through the former, and 9,000 through the 
latter, the resistance of both currents was supposed to be equal, or they 
were balanced ; if we, therefore, abstract 4,000 from Y, and give tha^ 
or 4,000 more to X, as both currents were previously balanced, it will 
divide itself between the two currents, in the ratio of the resistances of 
the two currents, and as the whole mine current is the longer one, the 
greater proportion of the 4,000 will pass along the pillar or shorter 
current. 

Mr. Anderson — It is quite clear that the quantities of air will not 
divide equally at E if you make a communication between the two cm*- 
rents at B. 

The President — I quite agree with Mr. Anderson, that you cannot 
have the same quantities in each division if you make a communication 
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tbfoiigh the stopping at B. The case is that of two currents split at E 
and reOnicing at B; the tension of the two currents being the same at E 
in splittings and again in reuniting at B, and they are currents of 
nnequal length ; it is clear, therefore, the greater quantity of air will 
pass along tbe shorter current, according to the well-known principles of 
the resistance of air in mines. 

Mr. Dunn — If I place doors at Q, I can keep the requisite quantity 
of 10,000 cubic feet through the whole mine, 15,000 cubic feet through 
the pillar working, and 5,000 cubic feet through the regulator Y. 

Mr. Wales — Certainly you can; but we presumed that no doors were 
to be allowed in this case, otherwise it would be the case of No. 1, 
diagram YIII., which has already been discussed and found objectionable. 

After some fjirther discussion, in which Mr. Hall, Mr. Pottbr, and 
other members took part, the portion of the remarks on No. 3, diagram 
VIII., was read. 

Mr. Wales — Plan No. 3 differs from Nos. 1 and 2 in this respect, that 
the ventilation is so arranged that a greater distance intervenes between 
the workings with the candles and the workings with the lamps, with an 
intervening current of air interposed between those two sets of workings. 
The ventilation of No. 3 is much the same as No. 1 in principle, viz., 
the whole of tbe air is first of all passed through the whole mine, and 
then brought into the pillar working, and so to the upcast. In proceeding 
with the removal of the pillars behind the whole mine, great care should 
be exercised in having as great a distance between the naked lights and 
the lamps as possible. In this case the air is taken direct to the face of 
the whole mine, and after ventilating the various places, it arrives at F. 
It is then taken one pillar down to R, along the headway to B ; then 
another pillar down to G, and thence along the headway to D ; after 
which it is taken to ventilate the pillar working. By this arrangement 
the distance is greatly increased between the places where the naked 
lights are used at F in the whole mine, and where the safety-lamps are 
used in the pillar working, compared with plan 1, where the distance is 
only two pillars. The doors are likewise so arranged that if they are 
accidentally left open at X, the air is still kept on the edge of the goaf 
at S, which prevents the gas from backing out of the goaf. Plan No. 3 
I consider a much safer system, as regards ventilation, than either No. 1 
or No. 2. 

The President — I have always considered it absolutely necessary in 
working the pillars immediately after the whole mine, that the distance 
should be such as to admit of an insulating current of air being inter- 
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posed oetveen the whole mine or candle working.^, and the pilUr or lamp 
workings, in every case where gas exists. I recollect of giving very 
strong evidence of the necessity of such a precaution before a committee 
of Parliament, several years ago^ and of pointing out that, unless there 
was interposed between the two^ a current of air which no possible 
sudden outburst of gas from the goaf could back, or which could by 
possibility reach the candle workings, it was not safe to use candles in 
the whole coal working, the pillar working being followed up- imme- 
diately afterwards. The double current in No. 3, howeyer^ accomplishes 
this desideratum. 

Bemarkion Diagram IX, were then read, 

Mr. Wales — This diagram represents a field of coal lying in a hori* 
Bontal position from A to B, the full rise being from B to C, and differs 
from diagram YIII. in the rolley-way being made in the middle, and 
working to the right and left — the objections to which are stated in the 
explanation of the diagram. 

Mr. Barkus — I think the mode of working which involves the two 
goaves meeting in the centre of the panel very objectionabloi as the coal 
is very much crushed and injured when the goaves approach each other. 

Mr. Wales — It will be observed that the boards in this case have 
been driven to the barrier before the pillars are commenced to be removed. 
I think this a better system than that of fuUowing up the pillar working 
as the whole working proceeds^ as in the last diagram, leaving only five 
or six walls for the protection of the air-courses and horse-roads, as such 
walls are often rendered useless by creeps. It will be observed that I 
have assumed a communication to be made thiough the barrier at C, for 
the purpose of allowing water to pass from the whole mine workings to 
the main water level A B ; a question arises, as in diagram VIIL, if the 
gas from the goaf will press through the stopping G^ the distances from 
ABC and from ADC being equal, which would imply a balance of 
air. But as the seam rises from the gjaf to C, there is no doubt that 
the light gas would rise towards and press through the stopping C 
towards the whole mine. If we, however, wish to use this communica- 
tion for the purpose of allowinj,** the escape of gas from the goaf, which, 
in some cases, it may be desirable to do, we have only to remove the 
stopping immediately above C to the left hand side of the dotted com- 
munication G, when the gas would go into the return air from the whole 
workings. 

The President — We will discuss the question of going to the extre- 
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mity of the royalty before commencing to work the pillars, and, also 
that of having the roUey-ways or main-roads laid out in the middle of 
the panel, or on one side, when we have considered the two next modes 
of woriung. 

Bewuarki on Diagram X. were then read. 

Mr. Wales — Plan 1 is supposed to represent a district of coal, the 
roof of which, is composed of soft material 3 and to avoid the ex))ense of 
ridding and driving Jenkins, every alternate board is driven narrow, so 
that the working of the pillars is j)erfurmed more economically. With 
regard to the ventilation, it is similar to ('iagram VIII.^ No. 3, except 
that there is a solid barrier of coal between the whole and the pillar 
working, which is a greater security tlian stoppings. 

Mr. Ddnn — ^This would appear to be a costly system, having so much 
narrow work. 

Mr. Wales — The pillars, you will observe, are 60 yards long, conse- 
quently, there is very little moi*e nairow work in this case, than in the 
ordinary mode of working with pillai-s 30 yards long. In determining 
on the plan ol working, we must not be guided solely by the first cost ; 
we most take into consideration the comparative cost of narrow work, in 
the first instance, with the cost of ridding, jenkining, and the deterioration 
of the coal in size in jenkining. 

The President — With regard to the system of working and venti- 
lating, this appears to be substantially Mr. Buddie's system of panel 
working ; each barrier E being the panel barrier, the working of the 
pillars being followed up from the end next the pit in plan 1. But it is 
not, I presume, essential to the system, that this should be done, the 
working of pillars being shown, in plan No. 2, as taking place at the top 
of the panel. With regard to the propriety of driving every other board 
narrow, that would not of course, be done, unless such a mode w^as justi- 
fied by the circumstances pointed out by Mr. Wales. 1 may observe^ 
that the letter M should be substituted for L in reading the description 
of the diagram. 

Mr. Wales — The plan No. 2, is supposed to have a strong roof, con- 
sequently, the boards are all driven wide ; the pillars, as in plan 1, being 
60 yards in length. In this plan the ventilation is, however, different 
a current of fresh air being taken to both the whole and pillar working, 
whereas in plan 1, the air from the whole mine is taken into the pillar 
working. 

Mr. Barkus — I do not think it necessary to have a sepai*ate division 
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of fi*e8b air for the whole and for the pillar working, when yon use the 
safety-lamp in the latter case. 

Mr. Wales — I think if there is sufficient air in the pit, it is desirable 
that the workmen should have fresh air in both ; besides, the ventilation 
of the pillar working in No. 2 does not depend upon the doors D D Q, 
as in plan 1. 

Mr. Barkus — ^Tbe plan of working in No. 2, is the same as diagram 
IX., viz., the two goaves uniting in one point, wbich, I consider, very 
objectionable. 

Mr. Walbs — In this case the pillars are made of sufficient dimensions 
to resist any pressure brought upon them by the operation of working. 
I do not think, therefore, that with pillars of sucb strength, and with 
coal of the ordinary strength, there would be much fear of creep ^ but 
should the coal be of a tender nature, I would proceed as in plan I ; 
commencing at the low end, and continue the ^working until the goaf 
reaches the barrier F. But, in this case, another crossing would be re- 
quilled at M No. 2, similar to L; the opening O would have to be closed, 
the stoppings at H and M taken out, and the air divided at H. I hei'e beg 
to remind you that plans Nos. 1 and 2 are supposed to be on the dip 
side of the shaft, and the workings proceeding towards the dip, and that 
an opening is made in the stoppings S S, on the rise side of each panel, 
for the purpose of allowing the gas to escape from the goaf into €he 
return. 

Remarks on Diagram XL mere then read. 

Mr. Wales — This diagram differs from the former in the workings 
being driven to the boundary before commencing to work pillars, and the 
ventilation is also somewhat different as shown by the darts. 

Mr. Barkus — Such a system of going to the extremity before com- 
mencing to work pillars would require great patience, and would not, I 
think, be generally applicable. i 

Mr. Wales — In pits of great depth, and where the coal is naturally 
tender, it is almost impossible to leave barriers of sufficient strength 
(between the goaf and the rolley-way) to resist the pressure of the super- 
incumbent strata. In such cases, and where the boundary does not extend 
more than three-quarters of a mile iirom the shaft, I would certainly 
recommend diagi*am XI. in preference to diagram X. It would, no 
doubt, require patience to prosecute the workings to the boundary first, 
but, ultimately, great advantages would, in my opinion, be derived by 
such a mode of working a coal mine. 
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The President — We ^e now in a condition to arrive at some con- 
clusion as to the policy of goin^ to the extremity of the royalty before 
commencing to work pillars^ or to work pillars as the exploring drifts 
progress thereto. Diagram No. XI. shows a mode of pushing the main 
roads to the boundary and then commencing to work pillars ; and diagram 
X. a mode of taking off the pillars in the progress of approaching the 
extremity of the royalty. The objection to the former mode is, that a 
considerable time must elapse, especially in large royalties, before the 
leading places reach the extremity of the royalty ; and that it is neces- 
sary, in a commercial point of view, to have the colliery in full working 
at as early a period as possible. The objection to the latter mode is, as 
stated by Mr. Wales, that in pits of great depth it is difEicult to leave 
barriers or waUs of sufiEcient strength to prevent them being crushed, 
and so to waste and diminish in value a considerable portion of coal. 
The measure, therefore, of the policy of adopting the latter mode depends 
upon the nature of the coal, its depth from the surface, the descnption 
of roof, Sx. But, if it be practicable to leave pillars of sufficient strength 
to resist the superincumbent pressure without crushing the coal, then the 
objection to working pillars in the progress of pursuing the workings 
towards the extremity of the royalty, in preference to reaching that point 
before commencing to work pillars, substantially vanishes, and we obtain 
what is generally advisable, a full pit working of coal at a much earlier 
period. The propriety, therefore, of adopting either the one or other of 
these modes, or modifications thereof, must be left to the viewer in charge 
of the mine. With regard to the propriety or otherwise of having the 
main roads or rolley-ways carried forward in the middle of a sheth of 
workings, as shown on diagram IX., or carried forward on the one side 
thereof, depends upon the same contingencies, viz., the practicability of 
adopting the former mode without injury to the pillars of coal required 
to be left on each side of such roads for their support It is, no doubt, 
desirable, if it can be accomplished, as concentrating the workings, and 
having one line of main roads instead of two. 

Mr. Daqlish — At Seaton colliery, which is upwards of 200 fathoms 
in depth, we have to leave two walls on each side, of 40 yards each, to 
preyent the pressure from affecting the horse-roads and the two air-ways, 
one on each side, notwithstanding which, we find the air-ways affected 
by the pressure. 

Mr. Wales — In the main roads to the dip of the Eppleton pit, at 
Hetton Colliery, we have the main rolley-way and two return air-ways 
Vol, YII.— Jakuabt, 1860, z 
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on each side^ and we leave the walls between the main way and the return 
drifU 22 yards thick^ in addition to which a barrier of 60 yards on each 
side^ next the goaf— the depth being about 200 fathoms-^-^nd we find 
the coal not crushed when the pillars are taken away on eMh side. 

The President congratulated the meeting on the utility, in a practical 
point of yiew, of such papers and discussions^ and he trusted that the 
members would contribute to the Institution any matters of such a 
character elicited in the course of their avocations. 

The meeting then adjommed. 
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The Secret art having read the minutes of the Council, the following 
gentlemen were elected members of the Institute: — Mr. John Kerr, 
Duke of Hamilton's Coal-works, Lismahagow, N.B. ; Mr. Thomas Hall, 
West Hetton Colliery, Ferry hUl ; Mr. John S. Arthur, West Hetton 
Colliery Office, Ferry hill; Mr. Wm. Moiress, Waldridgo Colliery, Chester- 
le-Street; Mr. Alex. Jones, Prior's Lea, Shifihel, Salop; Mr. Isaac 
Shore, Brymbo, Wrexham, Denbiglishire ; Mr. Mark Fryer, Eighton 
Uoor Colliery, Durham. 

The President then stated that the first business of the meeting was 
the discussion on Mr. Atkinson's Paper, read at the Meeting of May 
13, 1858, and asked if Mr. Atkinson had any further remarks to make 
on the subject. 

Mr. Atkinson — ^The paper alluded t6, and now under discussion, was 
intended as the solution of a question that arose in discussing the practi- 
cability of Tentilating the workings of coal mines, by different splits of 
air traversing routes of different lengths, by means of regulators placed 
in those routes offering, in themselves, the smallest resistances to the 
passage of the requisite quantities of air through them, in order to avoid 
the use of a great many of the principal doors employed in the more 
ordinary system of ventilation. — Page 163, Vol. VI. 

The question was, whether, in the event of the gross quantity of air 
Vol, Vllrf— Febbuaby, 1859. x 
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circulating in the unit of time^ in a mine so ventilated, becoming reduced 
in amount; while the air-ways, forming the whole of the splits, together 
with any regulators placed in them, remained unaltered, those splits 
having the longest routes to traverse would or would not continue to be 
traversed by as large a proportion of the reduced gross quantity of air, 
as they had obtained of the original gross quantity, previous to such 
reduction in its amount. 

As an answer to this question the reasoning in the paper was intended 
to show — 

1st — ^That if the whole of the workings of a mine, so ventilated, were 
situated in the same horizontal plane, the whole of the splits, what- 
ever might be their relative lengths, would continue to be traversed 
by the same constant proportion of the gross quantity of air circu- 
lating, whatever might be its amount, so long as the air-ways forming 
the splits remained imaltered. 
Snd— That when the air in the intakes is cooler and denser than that in 
the returns, those routes having the greatest amount of rise will 
obtain a decreased share or proportion of the gross quantity of air 
circulating in a mine, in the unit of time, as it becomes reduced in 
amount, and, consequently, an increased share or proportion of the 
whole as it becomes increased in amount, so long as the air-ways 
and regulators of all the splits remain imaltered ; and that the very 
opposite results would ensue if the air in the intakes was warmer 
and less dense than that in the returns. 
3rd — ^That when the air in the intakes is cooler and denser than that in 
the returns, those routes having the greatest amount of dip will 
obtain an increased share or proportion of the gross quantity of air 
circulating in a mine, in the unit of time, as it becomes reduced in 
amount, and, consequently, a decreased share or proportion of the 
gross quantity, as it becomes increased in amount, provided the air- 
ways and regulators of all the splits remain unaltered ; and that the 
very opposite results would ensue if the air in the intakes was 
warmer and less dense than that in the returns. 
The President — ^The following experiments have been made at 
Hetton Colliery, to test Mr. Atkinson's theory, by Messrs. Wales and 
Lindsay Wood, at some of which Mr. Atkinson was also present. The 
experiments were conducted much in the same manner as those made 
by Mr. Berkley at Crook Bank Colliery, and given at page 183, vol. 
VI., of the Society's " Transactions,*' and also as those made by Mr. 
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Cooper at the Grange Colliery, and given at page 229 in the same 
▼olume. The experiments were^ as those of Mr. Berkley, extreme cases, 
not likely to occur in practice, but made to test the accuracy, or other- 
wise, of Mr. Atkinson's theory. The details will, of course, be given in 
each experiment, but it may be stated generally, as the principle on 
which all the experiments were conducted, that portions of each pit 
were selected as near the downcast and upcast shafls as possible, and 
where a very short route could bo obtained between tlie intake and 
return air ; to contrast the effect by such shoi*t route with the longer 
route of the passage of the air along extensive drifts and workings 
between the point of splitting of such air from the shoi't current and its 
reunion again with the same current. A regulator was put in the 
short route, so that the quantity of air passing into both routes could 
be varied at pleasure ^ and a main regulator was placed between the 
downcast shaft and the point where the air was split in the intake cur- 
rent to vary the aggregate quantity of air passing into the mine or into 
both splits. Places were selected in both routes, where the passage 
through which the air passed along both was contracted so as to 
make it precisely the same area in each route, and within such area the 
anemometer was placed to measure the velocity of the air. Generally, 
the regulator placed in the short route was so adjusted as to cause the 
same quantity of air to pass along both routes, the main regulator being 
full open. The main regulator was then successively closed to cause a less 
aggregate quantity of air to pass into the mine, and so to test the effect 
with such variable quantities of air passing into the two routes. The 
quantity of air passing was ascertained by Biram's anemometers, the 
revolutions of wliich, are proportional to the velocity of the current. 
Several experiments were made on different occasions, but the following 
are those which presented the most uniform results, and which were 
carefully performed. 

Figures Nos. L, II., III., and IV. are diagrams which show the dis- 
tances which the air travelled in the coui-se of the ex penmen t-i. They 
do not show the whole of the passages or drifts through which the air 
passed, more particularly in the return current; but they show the 
relative distances between the short and long routes. The following 
short description of the several cases will, however, give a general idea 
of the vai-iations from a single route, and enable any one desirous of 
making the requisite calculations to estimate the effect of such vanations 
upon the theoretical results. 
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EXPERIMEIirr No. I. 
In tlie intake current of this experiment the whole of the air is in one 
current^ comprising four splits, with a single passage from the downcast 
shaft to ^, at il the short split proceeds to the upcast shaft along A B. 
From ^ to a, there are, as shown on the diagram, three currents, at a, 
two of these currents proceed to ft, where they separate, one passing to 
aCy and the other to y. The other split at a proceeds to y. All those 
splits or currents are single, and confined to one ingoing passage respcc* 
tively, except that from ft to TT this split is single about half way, and 
double the remaining distance, but no bords, from the shaft ioWx and y. 
The return currents may bo explained as follows : — ^The current from y, 
is split at the extremity, one current proceeding to the right and the 
other to the left, as shown on the diagram: the right hand current 
has three openings or air-courses, and the edge of the goaf to return 
along to a, and the left hand current has two air-courses and the edge of 
the goaf until it reaches the same point, when both currents join the 
return currents from TTand x at c. The return air from TFJ has three 
or four bords or air-courses and the edge of the goaves from TF to rf, 
where it meets the return currents from x. The return au* from x, is 
divided at the extremity, one to the right, the other to the left. In both 
cases the return air-courses consist of two walls and the edge of the goaf 
from Xy to dy where they join the current TF. These united currents 
then proceed to O, and so travel to the upcast TI. In their passage 
thither they have from three to five bords, and the edge of the goaf to 
spread within, but there is no coursing by stoppings. The long split 
has a considerable rise, (as shown by the dip and rise darts on the 
diagram) the short one being nearly level. 

EXPERIMENT No. II. 
In this experiment the air-course is single from the place of splitting 
at A to the extremity at ar, the several intake drifts being closed by stop- 
pings ; the intake air was, therefore, a single current from Ato x. The 
return air is split right and left at the extremity, having two main air- 
courses on each side, direct to the upcast shaft, as shown on the drawing. 
There were workings on each side of those drifts, and though the intake 
drifts into those workings were effectually closed by stoppings plastered 
with lime, there were no stoppings placed in the return drifts, any air 
flowing out of the workings into the main return drifts could, therefore, 
only be by the tension of the air in the workings expanding itself when 



\ 



V 



1^ 

/ 
I 






/i 



Ml 

3 




■I 

I 



M 



11 









V 

§• 



t 















V 
V 






§ 






4- 






fii, 




•.^* 



.r^ 




Ik <^ 




I*' 
£ 






h 



I 



i 



s 

s 

^ 









1 



IS 


















11 









i 






fj'/' 



ll?,/rr Lrxr/ 



/fist 



65 

the pressure was removed, and which would cease at a certain time, 
the entrance of any air being effectually prevented by the stoppings in 
the mtake drifts. The dip and rise arrows show the inclination of the 
seam ; the long split having a considerable dip, and the short one nearly 
level. 

EXPERIMExNT No. III. 
The intake current in this experiment; as shown in the drawing, is 
composed of three splits from the downcast to a, exclusive of the short 
split from Atx) B^ then two from a tob, and single ciu*rents from axjoy^ 
ft to a?, and from b to TF respectively. The return current from TF, until it 
reaches ^^ is a single passage, without any connection with any workings. 
The return current from x has one air-course and the edge of the goaf 
until it reaches c and joins TF. These two splits, up to f, have two 
air-courses from c Ui e. The return air from y is split right and left, 
and as there are about fifteen bords on each side from ^ to ^ and f^ 
the air from y is carried around the face of these boards and the edge 
of the goaf (about 200 yards distant from y e and yf) to e and f. 
The three splits then proceed together to the shaft, across a panel of 
workings extending about ten pillars iromf U, but those boards are 
much fallen, and the air is not forced into them, the air being taken 
along special air-courses of two or three openings to the shaft. The 
short split, which is nearly level, only passes from A to B. In the long 
split there is a considerable rise to x and y ; W being nearly level with 
the splitting point. 

EXPERIMENT No. IV. 

The intake current in this case is a single air-course from the down- 
cast shaft U to a and x. The return current has liberty to pass along 
three or four headways, and a narrow sheth of workings (not coursed) 
from xto a; then single for about 500 yards; and then across a panel 
of workings (not coursed) having three or four bords to spread itself, 
and so to the upcast shaft. The long split has a considerable dip as 
shown by the dip and rise darts in the diagram, the short split being 
nearly level. 

In all the diag^ms M represents the main regulator, or where the 
aggregate quantity of air admitted into the various routes was regulated ; 
d d the places where the quantity of air passing into the respective routes 
was measured ; and A B the length of the sliort route from the point of 
splitting to the reiinion of the two routes ; D being the downcast shaft 
and U the upcast shaft. 
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NO. I. SET OP EXPERIMENTS. 

^periment made in the Hutton Seam, at Elemore CoUierj, January, 1850. 

Depth of Pit, 134 Fathoms. 
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NO. 11. SET OP EXPERIMENTS. 

Experiments made in the Jane Pit, Hutton Seam, Eppleton CoUierj, January 

29th, 1859.— Depth of Pit, 174 Fathoms. 
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NO. III. SET OF EXPERIMENTd. 

BzperimentB made in the BloMom Pit Main Coal Seam at Uetton Colliery, February 
Ist. 1850.— Depth of Pit, 110 Fathoma. 
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NO. IV. SET OF EXPERIMENTS. 

Experiments made in the Minor Pit, at Uetton Colliery, in the Hutton Seam, December 

87th, 1858, and January 15th, 1859.— Depth of Pit, 150 Fathoma. 
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The President — I shall now explain, as shortly as I can, the result 
of the foreg^oing; experiments. It will be seen by Experiment I., that the 
rotator of the short current was so adjusted; that the velocity of the 
air passing around the long current, and that passing along the short 
current were precisely the same, viz., 400 feet per minute, which, through 
the area of 25 square feet, where measured in both currents, was 10,000 
cubic feet of air per minute. This took place when the area of the main 
regulator was 45 square feet. The area of this regulator was then reduced 
to 16 square feet, when the relative velocities was 375 short current, and 
850 long current : — at C feet area, which diminished the total quantity of 
air passing into the mine about one-half, viz., from 20,000 cubic feet, to 
11,425 cubic feet, or as 1 : '567, the relative velocities, were, as, 
S42 : 215, or, as 1 : *9 ; or, in other words, when the quantity of air in 
the mine is diminished one-half, the quantity of air passing into the 
workings, or along the long route, is only diminished one-tenth, below that 
passing through the shaft door regulator, or along the short route. 
When the quantity of air passing into the pit is still further diminished, 
a greater disproportion exists ; and, when only 2,750 cubic feet, or about 
one-fourth of the original quantity is allowed to pass into the pit, the 
result gives no perceptible current into the workings or long route, while 
the whole of the air passes along the short return, to the upcast shaft. 
Mr. Atkinson accounts for this stagnation of the air, in the lonff rise 
split, by saying, that the main regulator was so nearly closed, and, con- 
sequently, absorbed so large a part of the entire ventilating pressure, 
that the remaining part of such pressure, applicable to the splits, was no 
greater in amount than the opposing pressure, arising from the excess of 
the outward gravitation of the cool dense air, in the ascending intake, 
over the gravitation of the warmer and lighter air, in the descending 
return; and that the small pressure remaining due to the splits could no 
longer overcome it. 

And it is easy to perceive that, by sufficiently closing the main 
regulator, it could be made to absorb so large a proportion of the venti- 
lating pressure, that the remainder, left applicable to the air-ways forming 
the spUts, should be less in amount than the opposing force, (in a rise 
way), due to the difference of the gravitation of the denser intake, and 
that of the lighter return ) and this would lead to the ventilating pres- 
sure being entirely overcome by the opposing force, so that the air-cur- 
rent would be made to flow in the reverse direction, and serve out of the 
intake. Besides, previously to the main regulator being reduced in area 
at each experiment, the tension of the air was at a certain standard, 
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ud that it required a bpse of time for that tension to adjost itself before 
the correct result was ascertained. Thus, when the main regulator was 
open at 6 square feet, the tension of the long current may be said to be 
represented by a pressure capable of producing a velocity of 215 ; it 
would, therefore, be some time before the tension of the air in the long 
onrrent was reduced to the lesser pressure required to produce a velocity 
of only 110, the result of the oth Experiment, and that the real relative 
quantities passing into the respective long and short routes could not be 
corrected until such an equilibrium existed ; and, there can be no doubt, 
that until sufficient time elapsed, the experiment could not be said to be 
conclusive. 

The opposite result seems to follow in Experiment II., the long split 
being in this case a dip-way ; but, in this experiment, the quantity of air 
was not diminished more than about one-half; and, when the total 
quantity of air is diminished about one«half, the diminution in the 
short current is about one^sixtb. In Experiment III., the diminution 
of quantity in the long route is somewhat more rapid, as when the 
total quantity of air is reduced one-'half the diminution in the long 
route is about one-eighth. The same result in all these cases, how-* 
ever, follows, viz., that when the total quantity of air passing into 
the mine is reduced to about one-eighth, the greater portion passes 
along the short route to the upcast shaft, and, on an average of 
the three cases, only about one-tenth passes into the workings. Hr« 
Atkinson accounts for these apparent discrepancies on theoretical prin* 
oiples, deductions of such cases by the difference of level in the various 
routes, and by the variation of temperature in the different parts of those 
routes acting upon such variations of level ; and, therefore, until we have 
experiments made when such variatiops do not occur, where the passages 
are nearly level, and where the difference of temperature is inoperative, 
we cannot accurately test the theoretic conclusions apart from these 
causes by experiment. Considered, however, in a practical point of 
view, we have arrived at this result, which appears to me very important, 
viz., that when the various splits of air in a mine is regulated with 
the maximum quantity of air existing, that quantity may be reduced 
one^half without any greater diminution of air in the longest currents 
over that passing along the short routes than about one-ninth of the 
original quantity ; and this result, observe, only occurs in extreme cases, 
where the length of the short route from the point of splitting to the 
point of reiinion again, in the four experiments, is an average of 78 
Vox* VII.— FZBRUABT, 1869, h 
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yards only, while the leng^ths of the long ronte is an average of 2^700 
yards of intake, and the same distance in retoming, which makes the 
ratio 1 in 70 nearly. 

The above result takes place when the regulators are adjusted with 
the maximum quantity of air passing into the mine ; if they are adjusted 
with a diminished quantity of air, a contrary result, as might have been 
expected, follows. In Experiment I., when about three-eighths the quan- 
tity, (165,155), or 7,750 cubic feet per minute is passing into the mine 
when the regulators are adjusted, and when increased quantities (830,445) 
are made to pass to the extent of 19,375 cubic feet, the long current 
receives 11,125 and the short current only 8,S50 cubic feet. And in 
Experiment III., the regulators being adjusted when (7,880), or 2,212 
cubic feet is passing into the mine, and when that quantity is increased 
to (805,590), or 22,375 cubic feet, the long route receives 14,750, and 
the short route only 7,625 cubic feet. 

Mr. Wales — Let us suppose that we have a mine comprising ten 
districts, and that each district is ventilated with a separate and distinct 
current of air. For this purpose nine regulators will be required, t.^., a 
separate regulator for every district except the farthest. Let it be 
assumed that each district receives 6,000 cubic feet per minute, making 
a total quantity of 60,000 cubic feet of air per minute to ventilate the 
mine. 

Now, so long as all things remain equal, we have the above quantities 
passing into each district in their due proportions. But, how would the 
case stand, if it be assumed that some change occurs in the mine which 
reduces the gross quantity of air from 60,000 cubic feet per minute to 
40,000 cubic feet per minute. Occurrences of a very ordinary character 
will produce this effect. For instance, owing to the pit being off from 
repairs going on in the upcast shaft, or the furnace not being properly 
attended to, then, under such circumstances, the gross quantity of air 
circulating in the mine would be materially diminished. 

It is absolutely necessary, therefore, that great attention should be 
given to every district in the mine, and, more especially, should such 
attention be devoted to the longer currents, and, in particular, to the 
longest one of all, for it is found by practical experience, as indicated 
in the above results, that the far-off districts receive a less proportion, 
as compared with the nearer districts, whether the same be situated in 
the dip, rise, or level portions of a mine. 

An exception to this rule, however occurs, as will be seen in the case 
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of Eppleton Colliery, No. 11. set of experiments, where the gross quantity 
of air is so much reduced that the influence of the increased tempera- 
tare in the deep workings causes a greater quantity of air to circulate 
through the longer route, as compared with that which circulates in the 
shorter, a principle which holds good so long as we continue the reduction 
of the regulator below nine inches. But when the regulator is increased 
in size, as in the succeeding parts of the experiments, the opposite result 
is shown, and, therefore, Mr. Atkinson's theory is only substantiated in 
the exceptional instance noted above. 

Mr, Atkinson — A comparison of the results of these experiments, 
which have been made on the subject, with the deductions, which I have 
previously enumerated, will serve to test the general accuracy, or the 
contrary, of the principles on which the paper under discussion is founded, 
as all the experiments agree with the theory except No. lY. in the Minor 
pit, and it was probably connected with the Eppleton pit workings, 
which would account for its not doing so. 

The discussion from which the paper took its origin bore reference to 
the ordinary splits of air in mines, and to such changes in the gross 
quantity of air circulating as might arise in the practice of ventilation ; 
yet many of the experiments that have been made to test the correctness 
of the conclusions contained in it have embraced extreme and unusual 
discrepancies, both as regards the relative lengths of the routes of the 
splits — some of which have been about a hundred times as long as those 
they have been compared with — and also as regards the changes effected 
in the amounts of the ventilating pressure applicable to the splits, some 
of which have been so great as to reduce the quantity of air circulating 
from a brisk current to a mere breathing of air, and, in some instances, 
to such an extreme extent have these changes been carried, that the air 
has actually reversed itself, and come outwards in the natural intakes. 
And, although such extreme conditions were scarcely contemplated in 
preparing the paper, they are fully accounted for on the principles 
adopted in it. 

Thus, when a fixed quantity of air is circulating in a rise split, having 
the air of its intake cooler and denser than that of its descending return, 
there is a constant amount of pressure, arising from the excess of the 
gravitating force of the dense air of the ascending intake over that of 
the lighter air gravitating in the descending return (the gravitation of 
the intake air opposing, and that of the return aiding, the general ven- 
tilating pressure), operating in opposing the general ventilating pressure 
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applied to the air-wajs traversed by the splits^ and^ under the conditionii 
stated^ it is only the excess of the ventilating pressure^ applicable to the 
splits, over the opposing pressure arising from the unequal gravitation 
of the air in the intake and that in the return; which is effectual in over- 
coming the frictional resistances, and causing the air to circulate in such 
rise split in the right direction ; and it is evident that^ by reducing the 
furnace power to a sufficient extent (or, more easily, by suddenly 
removing so much of the ventilating pressure by means of a regulator 
in any of the air*ways traversed by the air before reaching the splitting 
point), the portion of the ventilating pressure remaining applicable to 
the splits may be reduced till it is less than the opposing force, arising 
from the unequal gravitation of the air in the intake and that in the 
return of the rise split, and when this takes place, the former will over- 
come the latter, and reverse the air in the rise split. 

If, however, a sufficiently long time were allowed for the equalization 
of the temperatures and densities of the air in the intake and return, the 
ventilating pressure would again set the current in motion in the original 
direction, bu(^ of course, the current would be smaller than before the 
reduction of the ventilating pressure applicable to the splits. 

The results would abo be temporarily modified by the expansion or 
contraction of the air in the splits, arising from the change in the pres- 
sure operating upon it Contraction would ensue if the regulator that 
was closed was situated in the air-ways lying between the point of 
reunion and the top of the upcast shaft ; and expansion, if it were in the 
downcast shaft, or in the air-ways extending from it to the splitting 
point. 

At the Elemore Colliery, No. I. set of experiments, where the long 
split had a rise of 110 feet, and was 8,000 yards in length, the short 
split being only 110 yards, and nearly level, and with which it was 
compared, it was found that, by reducing the main regulator placed in 
the air-way extending from the bottom of the downcast shaft to the 
splitting point, till the opening in it was only half a foot in area, the air 
in the long split was reversed, while a moderate quantity continued to 
pass through the small opening in the main regulator, and, along with 
the slight current serving out of the natural intake of the long rise split, 
passed along the short split, and up the upcast shaft. 

The intake, in this case, was cooler than the return, the relative tem- 
peratures being 66^ and 04° respectively, so that the result might have 
been anticipated on the principles alluded to ; but the experiment was 
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not continiied until the temperatures became sufficiently equalized in the 
intake and return to allow the current to be converted into its original 
direction. 

The above is an instance of tlie reversal of the air of a long split in 
a rise way ; while, on the other hand, on two different occasions, and 
under two distinct arrangements, at the Eppleton Colliery, one of them 
being the same as Experiment No. II., the other arrangement not being 
named amongst those described, the air in a short split was reversed by 
closing, to a sufficient extent, a regulator placed in the main intake 
leading from the downcast shaft to the splitting point, while a consider- 
able quantity of air passed through the main regulator, and, (along with 
the reversed air, coming outwards in the short split,) into the long 
one, which had a great amount of dip (in one case SOi feet), and its 
intake air cooler (57°) than that of its return (68°), showing that the 
excess of the gravitation of the cool air of the dipping intake over that 
of the air in the ascending return from the long split, was sufficient to 
overcome the ventilating pressure applicable to the splits, and to cause 
an eddy, forcing its return quite through the short split, in direct oppo- 
sition to the ventilating pressure. The experiments in this case, also, 
were not continued sufficiently long for the temperatures and densities 
of the intakes and returns to become sufficiently equalized to cause 
the air to again reverse itself, and flow in its original direction in the 
short split. 

Two sets of experiments made by Mr. Berkley, at Crook Bank Colliery, 
and another set made by Mr. Cooper, at tlie Grange Colliery, are already 
published in the " Transactions," Vol. VI., pages 183 and 229, and 
appear to agree, to a satisfactory extent, with the principles adopted in 
the paper under discussion. 

One set of experiments have more recently been made by Mr. Cooper, 
and another by that gentleman and Mr. Wales, at the Grange CoUieiy, 
and these both agree, to a satisfactory extent, with the principles adopted 
in the paper. Although, in these experiments, the same proportions 
were nearly maintained, under different gross quantities of air, yet, it 
was found that the long run obtained a slightly increasing, and the short 
one a slightly decreasing, quantity, on reducing the gross quantity of 
air ; and this is fully accounted for by the long run having a slight dip of 
about half-an-iach to the yard. The short run, in this case, was formed 
by setting open the shaft or separation doors, and was an extreme case. 

The experiments at Elemore Colliery, (No. I. set) already alluded to. 
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agreed in principle with tbe paper^ as the current having the greatest 
rise obtained a decreasing proportion of the g^s quantity of air as it 
became reduced in amount^ the intake being cooler and denser than the 
return. 

Another set of experiments^ the particulars of which afe not given^ 
were made at the Elemore Colliery, where the length of the runs, and 
the ascents of their routes were very nearly equal to each other, and the 
results satisfactorily agreed with the principles on which the paper is 
founded, as the proportions of air in the splits continued the same when 
the gross quantity of air circulating was altered in amount 

In the experiments previously alluded to as made at the Eppleton Col- 
liery, the short split got a decreasing, and the long split an increasing, 
share of the gross quantity of air, as it was reduced in amount, and as 
the long split had the greatest amount of dip, and the temperatures of 
the intakes was less than those of the returns, the result is agreeable to 
the principles of the paper, notwithstanding there being a very great 
discrepancy in the lengths of the routes of the splits. 

The general results of these experiments, in my view of the case, all 
accord with the general principles on which the paper under discussion 
is based. 

In an experiment made at Hetton Colliery, in the minor pit, Hutton 
seam, where the route of the long split was 1,700 yards, and the length 
of the short split was 12 yards, and where the long split has a consi- 
derable dip, viz., 700 yards, of IJ inches per yard, and 1,000 yards 
nearly level, (Experiment IV.,) and the short one is nearly level, it was 
found that the short split obtained an increasing, and the long one a 
decreasing share of the gross quantity of air circulating, as the gross 
quantity of air became reduced in amount, notwithstanding that the 
temperature of the intake was lower than that of the return ; a result 
contrary to the principles contained in the paper under discussion, an4 
which I am unable at present to accoimt for, although I have not very 
closely investigated the case. I am, however, aware that there is an 
opening from the extremity of the long split into the workings of the 
Eppleton Pit, and any leakage at this opening would have a tendency 
to make the results such as they really were ; and, as this is the only 
experiment that has come to my notice, which does not accord with the 
principles in my j)aper, I am inclined to susi)ect that some leakage had 
really existed at this place. 

Mr. Tuos. John Taylor — Would you not, in estimating the effect 
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produced on different currents of air, have recourse to the circumstance 
of a diminished pressure on the air-column every step you take from the 
downcast to the upcast shaft? Every particle of air becomes lighter, 
whether passing* to the dip or the rise. 

Mr. Atkinson — I say^ this is a feasible explanation, to a very limited 
extent only, inasmuch, as the difference of the ^temperature between 
the intakes and returns is immensely greater in its effects in the matter 
we are discussing. 

Mr. Thos. John Taylor — We are assuming, that the temperature is 
the same. Putting that out of consideration, I ask, whether you con- 
sider the other circumstance is not only something, but very considerable ? 
At the downcast shaft, you have the whole pressure of the ventilating 
column ; in the upcast, it amounts to nothing. 

Mr. Atkinson— I do not agree with you, to the full extent. It was 
once before discussed by you and I, and we did not agree then. I have 
reconsidered the matter, and come to my own conclusion. I quite agree 
with you, it is a fact, that such a cause exists. Take level workings, 
and suppose the temperature uniform, in passing from the bottom of 
the downcast to the upcast, the air is more expanded and less dense at 
every step. That is a cause which will operate in the same manner, and 
in the same direction as the returns, being hotter than the intakes ; but, 
this is trivial in amount, compared with the difference of temperature. 

The President — ^Take the density of the air at the bottom of the 
downcast shaft, and the density of the air at the bottom of the upcast 
shaft— the difference between the two, is the ventilating power. This 
will admit of no argument, considered in a statical point of view; 
but we are considering its dynamical effects; we are dealing with a 
moving current of air, at a certain density at the bottom of the down- 
cast shaft, and diminishing in tension, until it arrives at the bottom of 
the upcast shaft, where it is of a much less density, and the question is, 
what effect such constant and gradual diminution of the tension of the 
air between the downcast and upcast shafts has upon the general venti- 
lating power, produced by the statical difference of density of the air 
of the two shafts 7 

Mr. T. J. Taylor still thought that the chief cause of the difference 
of density between the intake and return air of mines was to be found 
in the gradual expenditure of ventilating pressure on overcoming the 
resistances encountered by the air, giving rise to a gradual reduction of 
of the tension and density of the air as it circulated, below that which 
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it would ha7e possessed had it been in a state of rest^ and the pressure 
a statical one. He thought that any ordinary difference of temperature 
between the intake and the return air of mines would be found to have 
a much smaller influence in reducing the density of the return air below 
that of the intake, than the cause to which he had alluded. 

Mr. Atktnsoit^ in reply, stated, that he had considered the matter 
referred to by Mr. Taylor, but had come to a very different conclusion 
from that gentleman, inasmuch as he believed that if the temperature of 
return air only exceeded that of the intake by a single degree, the ex- 
pansion arising from it would cause as great a reduction in the density 
of the return air below that of the intake as would have resulted irom 
the gradual expenditure of about one and a half inches of water gauge 
as ventilating pressure, on the resistances offered by the air- ways; and 
this was, perhaps, more than the average amount of ventilating pressure 
expended upon the workings of coal mines ; and it was from a conviction, 
that the reduction of density, arising from the source alluded to by Mr. 
Taylor, was generally so small, in comparison with that resulting from 
differences oi temperature, that in the paper under discussion, he had 
thought it was not worth while specially adverting to it, any more than 
to some other generally unimportant causes, which, nevertheless, to a 
small extent, co-operate with changes of temperature in producing 
changes of density in the air of mines. 

If this discussion had to be resumed at any future day, he would be 
glad to bring forward his reasons for coming to this conclusion. 

Mr. Taylor — I shall also write a paper specially on the subject, 
which I will endeavour to have ready for the next meeting of the 
Institute. 

The President — It would be very desirable to have the parts of the 
subject fully investigated, and 1 would, therefore, beg of the gentlemen 
to favour the Institute with papers on this interesting and important 
part of the theory of ventilation at their next meeting. Reverting to 
the experiments made at Hetton Colliery, it would be well, perhaps, to 
continue the discussion and endeavour to explain the apparent anomaly 
in the two classes of experiments, viz., when, after the relative quanti- 
ties of air made to pass into the long and short routes respectively are 
nearly equal, and when increasinff quantities of air are made to pass into 
both routes by successively opening the main regulator ; and then, on 
the other hand, when the relative quantities passing into each route are 
again made nearly equal, and diminished quantities of air are made to 
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pass alongf such routes. The particular split which; in the former case, 
gets an increasing proportion of the air, always, in the latter case, 
receiTes a decreasing proportion of it, and vice versa. 

Mr. AxKiNSON-rThis result is in perfect accordance with*the prin- 
ciples of my paper. See page 164, vol. VI., of the " Transactions," where, 
after explaining the causes which operate to diminish or increase the 
quantity of air, in cases ''where the gross quantity of air becomes 
reduced in amount, owing to any decrease in the general ventilating 
pressure, or, owing to any contraction of the shaft, £c.," I add, '' of 
course, the opposite effects would, in each of the conditions stated, take 
place on inereasinff instead of diminishing the gross quantity of air cir- 
culating, while the air-ways forming the splits and the regulators in 
them remained unaltered." 

A discussion, of considerable length, then took place on the apparent 
discrepancies between the theoretical deductions in Mr. Atkinson's paper 
and the practical result as developed by the experiments made at Hetton 
Colliery, in which Messrs. Taylor, Atkinson, Wales, Daglish, Berkley, 
and Boyd took part, the result o£ which was, that as the expenments 
made at Hetton Colliery were in routes either not level, and therefore 
influenced by the variations of temperature of the intake and return 
onrrents, or were influenced by the return air being at liberty to pass 
into other workings adjacent to the direct routes ; and as it was supposed 
that there were leakages of air through the stoppings from the adjacent 
workings into the direct return route of the expenments, especially 
when the main regulator was much contracted, it appeared desirable to 
postpone the discussion until the next meeting of the Institute, and, 
in the meantime, to fix upon some cases where experiments could be 
made, free from such objections. 

It was stated, that as the regulator in the short route was an aperture 
in a thin timber stopping, less than an inch in thickness, this might affect 
the result, from the well-known fact that fluids passing through such 
apertures presented a different result from fluids passing through even 
short pipes of the same area, and Mr. Tone gave an instance of this in 
the case of water, at the Newcastle Water Works. It seemed, therefore, 
desirable that experiments should be made, by causing the air of the 
short currents to pass through boxes, or along a passage of a small area, 
instead of through the thin partition of a timber regulator. 

It being likewise observed, that the velocity of the long route in all 
cases having been taken into the intake current, it was desirable that the 

TOL. VII.— rEBRUARV, 1859. M 
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Telocity should, also, be taken in the return current, to ascertam if a 
perfect equilibrium existed in the tension of the air in such current from 
the change of pressure or quantity of air in each experiment, and also 
to test the leakage of air into the return current. 

The discussion was, therefore, adjourned until the next meeting of the 
Institute, and the reading of Mr. Ross's paper was proceeded with. 
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Telocity should^ also, be taken in the return current^ to ascertain if a 
perfect equilibrium existed in the tension of the air in such current from 
the change of pressure or quantity of air in each experiment^ and also 
to test the leakage of air into the return current. 

The discussion was, therefore, adjourned until the next meeting of the 
Institute; and the reading of Mr. Ross's paper was proceeded with. 
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ON 

' OAS DRIFTS FOB DRAINING GOAVES 

IN COAL MINES, 
ASCENSIONAL VENTILATION. 



% Bt Mr. ALEXANDER BOSS. 



4 I WOULD remark; in the first place^ with respect to the first part of this 
" subject; that I propose to illustrate it by giving an account of the suc- 
cessful application of such drifts in practice, which was done on a some- 
what extensive scale at the Springwell Collierj; in the year 1848; and 
lias also been continued from that period up to the present time, and I 
ihall; afterwards, attempt to deduce from such results, reasons for its 
application in other cases where the circumstances are similar. 

I may state, that in the year 1843, the Hutton seam at Springwell 
colliery was in course of working. The particular district referred to 
was the third panel of workings on the south side of the main east drifls 
or engine plane. The coal seam here dips to the east at the rate of about 
006 in twelve. The accompanying sketch shows the position of the 
Workings referred to. Plan No. I. 

The mode pursued in working was to drive the bords from the south 
levels (which are driven water level from the engine plane,) to the rise, 
that is, nearly due west, and afler they had proceeded a certain distance, 
generally four pillars. The pillars were then removed. The air was, 
fivst of all, conveyed up the first four bords (the fourth bord being the 
"^^ag^n-way bord), to the face, by stoppings on the south side of the 
'^^aggon-way bord. It was then taken along the face of, and thus venti- 
l^Etted the whole bords, by means of bord stoppings, and then returned 
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througli and ventilated the pillar or broken working; sweeping close by 
the edge of the goaf^ and returning to the east and the water levels down 
two bords, between the waggon-way and the goaf. 

The quantity of air circulating through this panel of workings was 
generally about 10,000 cubic feet per minute, and as the average area of 
the air-way was about thirty-two fefet, the velocity of the air was 5*2 
feet per minute. This was found to be quite sufficient for some time to 
keep the workings in both the whole and broken in a clean and workable 
state, and it may be stated, as a general rule, that, in working this 
colliery, the whole of the quantity of gas given off was not very large. 
It was only in cases where fissures or troubles were met with, and where, 
in some instances, blowei*s dischargbg large quantities of gas were met 
with, some of which have continued to give off gas in considerable 
quantities for a number of years, that gas was generally given oi. 

But where the working of pillars was proceeded with, and the roof 
became broken, followed by heavy falls, large quantities of gas were 
invariably discharged. This gas was generally supposed to be given off 
from a small seam of coal six fathoms above the Hutton seam. From 
whatever part, however, of the strata it was given off, it is evident it must 
exist in a high state of tension, in sUU) if wd take into consideration the 
large quantity of gas which has been given off from this goaf for a 
number of years. When the pillar workings, in the particular district 
referred to, had proceeded to some extent, it became very difficult to keep 
the working places in a clean state, owing to the large quantity of gas 
pressing out from the goaf, and which, from the current of air descending, 
it was necessary to force down to the dip by the cun-ent of air. 

When the whole bords reached the extremity of the panel, and when 
a barrier was left between this district and the next, and when some of 
the pillars were removed up to this barrier, the foul air collected against 
it, and backed out into the working places in such quantities that it was 
found impossible to keep the working places free and in a clean state, 
so as to get the pillare off, so much so that the operation became both 
difficult and dangerous, and occasioned, in some cases, the loss of some 
of the pillars. And here it may bo remarked, that in working other 
districts in a similar manner, particularly in taking the pillars off from 
the rise to the dip, great difficulty had been experienced from the same 
cause. 

Now, as the return air-course of the district above, (that is the second 
district,) was only separated from the goaf alluded to by the barrier, it 
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Only required a holing to be made through it to procure a natural escape 
to the rise for the gas ; this holing was, therefore made^ as shown on 
the plan, and the gas escaped into the return air from the district above, 
and mixed with and was taken with such air to the upcast shaft. 

The best effects resulted from this operation, and^ subsequently, the 
working of the pillars was proceeded with on this principle, and the 
renotaining pillars worked down to the dip, without experiencing any 
obstruction whatever from foul air. 

The good effect of this plan suggested a different system of working, 
which has since that time been pursued, viz., to drive the bords up the 
whole length of the panel to the barrier before commencing pillar work- 
ing ; to hole a gas drift into the district above, as in the instance alluded 
to 'j and then to work all the pillars off to the dip. By this method of 
working, the working places were kept perfectly free from gas, although 
the quantity given off by the different goaves was always large. Plan 
No. I. shows this mode of working with the gas drift through the 
barrier. 

It was found, also, that the goaves did not, as was generally expected, 
become close, the gas always continuing to pass upwards through those 
gas drifts, mixed with a little air which also passed that way } but, 
which was regulated by the regulator Ji in the gas drift. 

When coal seams are similarly situated to the instance here given, and 
which produce gas in a similar manner, (that is, principally fr'om the roof, 
which frequently occurs), there can be little doubt that the plan pursued 
in this case may be made use of with much advantage, especially in new 
collieries, where the workings can be laid out in districts with the view 
of its application ; and this, it may be observed, may be done where long 
work is the system employed as well as in pillar and stall workings. 

It must be borne in mind, that it is necessary that the returns, £c., be 
suitably laid out for the purpose. The returns, into which these gas 
drift;s are holed, should be entirely shut off from any working parts, and 
at a considerable distance from the upcast shaft, and the gas should also 
be mixed with other air currents, so as to render the whole return air 
harmless before arriving near the furnace, supposing that to be the venti- 
lating power applied. 

But where a dumb drift is used, the system will be applied with more 
security. It must be remai'ked, that in the case of Springwell colliery, 
the return air ascends towards the upcast, which is to the rise of these 
workings, but, although this is the case, the ventilating power of the 
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furnace shaft is not more materially diminished than it would be if placed 
at the dip, owing^ to the fact that the surface rises in the same direction 
as the coal seam. All this^ then^ is in favour of the application of ^as 
drifts^ and also of ascensional ventilation. 

But it has been brought against this system that the placing of the 
upcast shaft at the extreme rise of the workings would^ in many cases^ 
seriously reduce the ventilating power of such upcast. It may^ however, 
be a question worth discussing how far this objection may be balanced 
or overcome by other advantages connected with it^ as a safe and effective 
ventilation is what is required. I would submit that this may be secured^ 
in many cases, by means of ascensional ventilation, and the use of gas 
drifts, even where the aggregate quantity of air would be much less than 
it would be by placing the upcast shaft on the same level as the down- 
cast, or on the dip of the workings. 

I shall; therefore, proceed to illustrate this by taking the plan of the 
workings in the Lundhill colliery. In this case the coal is got by a 
sort of long work, and as the narrow bords or bord-gates are driven to 
the rise from the main levels, the intake air is ascensional, and the return 
air descends. It will be seen on a reference to the Lundhill plan, given 
in Vol. V. of the Institute " Transactions," there are ten working faces or 
districts, fully won out, I will presume that each district is ventilated by 
a distinct split of air, of 8,000 cubic feet per minute, making a total of 
80,000 cubic per minute in the colliery. 40,000 cubic feet of air passing 
to the north, along the main levels, and also the same quantity passing 
to the south, and so passing downwards to the upcast shaft, which, as 
shown on the plan, is at the extreme dip of the workings. Tlie mode of 
thus dividing the air is not difficult, but as it is not a pai-t of the system 
of ascensional ventilation, which is the object of this inquiry, it is not 
necessary to give it here. 

We have, we may suppose, all the advantages of the most improved 
system of ventilation, but we have the disadvantage, in the case alluded 
to, of the gas produced in the goaves and faces having to be forced down 
to the dip, by the current of air, to reach the upcast shaft. And as 
much gas is generated in the roof above the coal seam, quite similar to 
the instance given at Springwell colliery, we apprehend there will be 
much difficulty in keeping the working places clear of gas. 

This would, especially, bo the case in removing the barriers, after 
reaching the boundary of the colliery to the rise. We presume that 
much of the coal contained in those barriers would indeed be lost. 
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We; therefore submit^ that in such a case the coal would be got much 
better, in every respect, if the main drifts were, first of all, pushed to 
the extremity of the boundary to the rise, and then commencing to work 
the whole and pillars simultaneously, as in the long wall system; and by 
placing the upcast shaft to the exti-eme rise of the royalty, and thus to 
make the ventilation ascensional, instead of forcing the lighter gas and 
air from the goaves and the return air generally to an upcast shaft placed 
at the extreme dip of the royalty, this would, in my opinion, be the best 
mode of working. 

In such a case, suppose the downcast or drawing shaft placed at the 
extreme dip, and in the centre of the royalty, and the upcast in a line 
therewith, but to the extreme rise ; I would then drive two main drifts 
direct from the downcast shaft to the upcast shafts which would be roads 
for the conveyance of the coals, and also intakes for the air currents, the 
workings being divided into districts on each side of these main roads, 
and suppose each district to be ventilated by a separate current, as pre- 
viously explained. 

I would then drive two other drifts, parallel to the main roads, one on 
each side, which would act as return air drifts for any workings which 
might exist along the water levels on each side of the downcast shafts 
or in any other part of the coal*field between the downcast and upcast 
shafts ; the air in such return drifts being ascensional towards the upcast 
shaft. 

Suppose a set of workings to be in operation, consisting of five panels 
on each side of the main roads as at Lundhill colliery, and shown in Vol Y. 
of the ^' Transactions " of the Institute. 

I would drive a pair of gas-drifts water level from the upcast shaft, 
right across the face of the workings on each side, to the extremity of 
the boundary ; and, I would make openings from the goaves of each of 
the panels of workings into the gas-drifts— the same as in the case of the 
Spring^ell colliery workings, by which the gas from these several goaves 
would pass off to the upcast shaft, together with the return air from 
each of the several panel workings. 

Whatever number of panels there might be on each side of the main 
roads, I propose each panel should be aired by a separate current, so 
that if there are five on each side, and 8,000 or 10,000 cubic feet of air 
required for each panel, there would be required to be 80,000 or 100,000 
cubic feet of air in the upcast shaft, but any other quantity might be 
used. 
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It will be seen^ by this arrangement; that the length of the air currents 
are very mucn redUbed^ which embraces two very important advantages. 
1st. — It reduces the friction and resistance of the currents; and thus 
increases the amount of ventilation 3 being ascensional; also; an amount 
of advantage is gained; equivalent to the difference between forcing the 
light and heated column of gas and air downward to the upcast at the 
dip of the royalty; over the ascensional power of such a column of light 
air ascending to the upcast at the extreme rise of the colliery. And 
2nd. — The cost of maintaining air-ways will also be reduced. If we 
take the currents at the extremity of the panels, and supposing them 
brought back to the upcast at the low level, and on the same plane as 
the downcast; the distance traversed will be nearly one-fourth greater 
than by passing such currents into the proposed gas drifts and so to the 
rise upcast. This mode of ventilation; of course; applies equally to the 
pillar and stall working; as to the long wall mode of working. The gas 
drift in both cases draining the goaf as it is formed. 

I may now remark, in conclusion, that the drainage of goaves of gas 
by natural means, appears to be a subject of much importance; and can 
be effected by other means than this pointed out. In some cases, the 
working of an overlying coal-seam will accomplish this object; and this 
was well illustrated in the case of Springwell colliery, where the great 
source of gas is in the upper thin beds of coal. In the eastern part of 
the colliery, where the overlying seams are not worked, we are subject to 
sudden and great discharges of gas ; but to the west, where the upper 
seams are worked, the lower bed is comparatively free from gas, and not 
at all subject to the sudden irruptions of gas met with in the eastern 
district. 
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k opinion^ if Mr. Marlej will permit me to say so, the top 

' give an account of the operations concluded by Professor 
nyself towards the investi^tion and development of this 

Dvery of this deposit of ironstone was at a quaiTy on the 

of the valley of Rosedale, about a mile south from Rose- 

and shown on plan No. 1. When this quarry was opened 

bund to consist of apparently a confused mass of ironstone 

': an ellipsoidal structure, and of gigantic size, often three or 
^diameter. The central part of these boulders being generally 
Bonsisting of a solid dark oolitic magnetic iron ore, with, in 
1^ sandy and solid ironstone crusts around it, and, in receding 
ntre, the iron ore becomes paler, alternating with dark brown 
^ers, the layer then becomes pale brown, and the magnetic 
xt. In most cases, however, the nodules are quite solid, and 
mtification exists, though very obscure; and in several cases, 
:e oolitic structure is merged into compact brown iron ore. In 
also, where exposed to the water and to the weather, the iron 
f washed away and a gritty ferruginous crust remains. These 
ions do not occur where the ironstone is under cover, or co« 
ither strata, but appears to assume those different phases in 
I of its extreme susceptibility to change by exposure to air 
; and it is somewhat remarkable that the magnetic property 

where the mass is thickest, and scarcely shows any magnetism 
here it is thin, or where it has little cover, and, consequently, 
ed to decomposition or change. 

it characteristic difference of composition between this iron- 
he top and main band of Cleveland is, the entire absence of 
itructure being entirely of an oolitic character, being entirely 
f small round concretions of iron ore, cemented together with 
thin silicious or arenaceous films, and in its magnetic pro- 
biting polarity, and likewise in its greater richness than the 
mstone of Cleveland. 

urry has been excavated, so as to form a face of 60 feet in 
to which must be added, II feet of blue magnetic stone, 2j 
DO, slightly magnetic, bored down below the bottom in mag- 

and three feet of shale. 
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Soon aA«r the quarry was discovered; it was thought advisable 4^ 
a drift into the side of the hill^ to ascertain the extent of th?s depiie 
quarry being about 600 feet from the bottom of the valley^ andjit 
300 feet below the utmost level range, or plateau of moors, lying ie 
south-west side of the valley. This drift, together with a pit aunjn 
it, is shown by a drawing in Mr. Marley's paper. Since then, it haa 
driven to a much greater distance, and three bore-holes havG bant 
down from the surface to the Rosedale bed of ironstone. 

Plan No. 1, shows the position of this drift, the distance and dtili 
in which it has been driven into the hill ; and also the position lo 
three bore-holes and the quarry. And fig. I, plan No. 2, dsa rs 
the section of the same drifts, and the section of the boriDgSj td^r 
with their depths from the surface, and the beds of ironstone whi^ty 
have proved. I have carried such section across the valley^ for #« 
pose of shewing the position of the ironstone band on the oppoaie 
of the valley. 

Fig. I, plan No. 8, shows, on a larger scale, the strata bored tlih 
in the three bore-holes above alluded to, and the ironstone beds whiely 
have proved ; and fig. II, Nos. 1, 2, 3 boreholes, 4 facing drift, 6 
side drift, shows the thickness of the lower bed of ironstone in the sil 
boreholes in the face of the drift, and also in the side of the drift. 

It is necessary to remark, that where the drift was firat set SLWa 
the side of the hill, it met with shale, and it continued in shale a. 
distance of about 80 yards, when the ironstone was found. That 
continued in the ironstone for a distance of 180 yards further, mal^ 
total distance of 2C0 yards from the face of the hill. No. 4, plai^ 
a section of the ironstone at the face or furthest extremity of the ^ 
shewing an entire thickness of 82 feet of ironstone, viz., G feet 2 ^ 
of drift, 11 feet inches above the drift, and 14 feet inches belt. 
And what is important to mention, the ironstone was here dist^ 
stratified, as shown by the lines across the section No. 4. 

400 yards in advance of the extreme end of the drift, and GGO ^ 
from the side of the hill, a borehole No. 2, iig II, was put down, at 
right angles to the line of this borehole from the drift two other - 
holes were put down from the surface, as shown on plans, fig. I ai^ 
each 200 yards distant from No. 2 borehole, or 4C0 yards sepa; 
and the following are sections of the strata passed through in ^ 
boreholes. 
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Accovnt of the Baring No. 3 Hole, or North Ilo'e, on JtosedaU 

Moor,— 181)8. 

No. Fms. Ft. In. Fma. Ft. In. 

1 Clay 1 1 

2 Brown post 11 6 

3 Orey metal 4 1 

4 Brown post 3 3 6 

5 Grey metal 2 

6 Brown post 2 1 

7 Greymetal 2 6 

8 Brown or prey post 3 

Grey metal ironstone girdles 4 1 

10 Grey post 4 6 

11 Greymetal 2 6 6 

38 3 6 

12 Ironstone magnetic 4 6 

1 3 White shale, mixed with ironstone 1 1 

14 Ironstone 3 

16 Shale, mixed with ironstone 6 9 

16 Gullitypost 9 

1 7 Ironstone magnetic 6 6 

18 light coloured ironstone • 3 

19 White post, mixed with whin 1 1 

20 Ironstone masmetic 3 

21 Grey shale, mixed with ironstone and post 

girdles 12 6 

22 Black metal 2 6 

8 2 6 

23 Ironstone magnetic *. 4 6 3 

24 Inte.shale 4 

5 3 3 

Total depth, fathoms 52 3 3 

It will be seen, therefore, tbat for a distance of 580 yai'ds from the pit, 
No. 1 on the section, plan 2, to the boring No. 2 on the same section, 
the thickness of this bed of ironstone is nearly the same, and that this 
is the case likewise at the other two boreholes Nos. 1 and 3, at right angles 
to the above line of section, the respective thicknesses being as follows : — 

Ft. In. 

Drift 32 

No, 1 borehole 82 

No. 2 ditto 32 

No. 3 ditto 29 3 

These borings and sections show two distinct beds of ironstone, strati- 
fied with great regularity, and they prove most conclusively that neither 
of them are at all like what Mr. Bewick terms " notliing more than a 
volcanic dyke." 

It will be seen by the map of the district, plan No. ], that a red coloring- 
is ti-aced aroimd the edge of the valley ; this is undoubtedly the out-crop 
of what is called the " top seam " of ironstone, as it can bo traced south 
and east into Eskdale, and towards Grosmont and Fryupdale ; and also 
north towards Swainby and Boltby, in which localities Mr. Marley lias 
given sections of the top seam, and also of the Cleveland main band. 
Supposing this out-crop in the Rosodale valley to be the " top scnni," 




\ 




93 

then the upper bed in the sections Nos. 2 and 3^ is unquestionably the 
top seam likewise ; and we there have a bed of ironstone upwards of 30 
ieet thick, lying parallel to, and strictly conformable with the '^top 
seam " (and separated therefrom only by a thin bed of shale) of an en- 
tirely different character from either such top seam, or the main bond of 
Cleveland. 

I have laid down, on plan No. 2, a section of the strata given by Mr. 
Marley, at Grosmpnt to the south-east, and at the Swainby mines to the 
north, and I have added the section at Eston Nab. It should be observed, 
also, in corroboration of the upper bed of ironstone in plan No. 2 being 
the top seam, that a bed, or rather, three or four beds of ironstone inter- 
mixed with shale occurs in the brook of Rosedale, and crops out in the 
bank, which is generally believed to be the representative of the Cleveland 
main band, though the ironstone is very inferior and not workable. I 
have laid on the section No. 1, plan 2, the position of this bed of iron- 
stone, which agrees pretty well with its position in the other sections, 
making allowance for the variation in the thickness of the lias shale as 
found in the several localities. 

I have likewise, on plans No. 1 and No. 2, shown the position of the 
quarry, which appears to have slipped down below the level of the beds^ 
as shown by the drift and boiings. This appears to have been occasioned 
by a slip dyke which crosses the drift near the pit, as shown on the plan 
No. 1. It will be seen by this plan that the drift passed through alluvial 
soil and shale up to near the pit, when this dyke was crossed and the 
ironstone cut, as shown on the plan. This dyke is supposed to[runin the 
direction shown on the plan, crossing the drift near the pit, and throwing 
the strata down on the south-west side, and, consequently, the strata 
comprising the quarry ; and it appears that the quarry itself is much 
braken, and has very much the appearance of a disjointed slip, the ellip- 
tical nodules being in a mass of confusion, as shown on the plan. 

It has been supposed by some parties that this dyke has given the 
magnetic character to the ironstone, but it is well known that the char- 
acter of the ore must be changed from a peroxide to a protoxide to become 
magnetic, which the crossing of the dyke through the strata could 
scarcely accomplish ; and then we have the entire absence of shells in the 
lower bed, while the mati'ix of the upper bed or top seam is entirely cal- 
careous and filled with shells. The concretionary nature of the stone, 
and the much greater per centago of iron produced by this deposit over 
that of either the top seam or the Cleveland main band, are also charac- 
VoL. VII.— Februarv, 185D, o 
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teristic of tliis Led of ironstone. The analysis given by Mr. Marley of 
the Rosedale stone being upwards of 50 per cent, of metallic iron, while 
the top seam and main band are about 32 to 85 per cent. ; and the pro- 
duce of a large quantity smelted at Consett gave 55 per cent, from the 
calcined ore, and 45 per cent, from the raw stone. 

Whatever opinion ma}', therefore^ be formed of the cause of this depomt^ 
we certainly have the fact, that for a width of 400 yards and a length of 
580 yards, we have a bed of ironstone highly magnetic, of an almost 
entirely uniform thickness, totally different in its mineralogical character 
from the ordinary stone of the district, and yielding in produce nearly SO 
per cent more iron in the furnace. To what extent this bed may exist 
beyond the extent already proved will be the subject of further inyesti- 
gation, but it will be a very extraordinary anomaly in geology if a bed of 
such uniform thickness should not extend to considemble distances. It 
has been stated that a similar bed has been discovered in other and dis- 
tant localities ; not being myself cognisant of the facts, and my infor- 
mation not being very precise, I abstain from giving such information at 
present. The importance of such discoveries are of too gi*eat interest 
in the district, and too valuable in a commercial point of view to remain 
long unexplored, and therefore we may hope, that at some future period 
the Institute will be favoured with an account of such deposits. 

Tlie President's paper on the Rosedale Ironstone, having been read, 
a discussion thereon was taken. 

Mr. Bewick said the magnetic ore in the quarry was a casual deposit 
in the shape of a dyke or vein. 

Mr. Marlev — I understand, since I was at Rosedale Abbey, that which 
the President stated to be the top seam had been discovered in a regular 
stratified state on the south g.ide of the magnetic quarry. At the last dis- 
cussion we had on the subject, I admitted if that bed of ironstone had 
been discovered keeping on its uniform ri.se and dij), from the north side 
of the quarry to the south, I had been mistaken in supposing the magnetic 
seam to be the same as that of the seam then discovered on the north side 
of the quarry. Then, as to whether it was a vein or a bed, or whether 
what I supposed at the last meeting it was an overflowing between soft 
strata, similar to " flats'' in lead veins, I had not an opportunity of forming 
an opinion, for want of the three bore holes, wliich have now been given. 

The President — Wljat you stated was quite correct. The top seam 
had not then been found on the south side of the (piarry. It is now found 
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cm the south side as well as the north side ; but I do not think we have 
yet discovered the mag^ietic stone on the south side of the quarry, except 
in the drifting and borings. 

Mr. Harlbt — ^When I made my examination, preparatory to reading 
my paper, the top seam at the point A on the plan therein referred to 
was lost, and no continuation was found south of the magnetic quarry ; 
but, by competent witnesses, I have been informed it is now found south 
of the said magnetic quarry. But, if the magnetic stone is a bed, it is 
extraordinary so large an extent of country should give no trace of it, 
as at Grosmont and other places we have not the slightest trace of it. 
At Ingleby they are putting three bore-holes down, with a view of 
proving the existence or otherwise of the magnetic ironstone thero. They 
are now^ I believe, past the top seam position, but have got nothing but 
shale yet. These borings will prove about 100 fathoms of strata. I 
have hitherto been of opinion that the round particles, in the specimens 
of magnetic ore, are oolitic shells. 

The President — No. I believe they are iron, with a silicious matrix. 

Mr. Marley — Has one of those globules ever been analysed by itself 
and found to be pure iron ? 

The President— I do not know; but I believe there is no calcareous 
matter in those particles which there would be if it were shells. 

Mr. Marlet — Unless it is some peculiar formation. 

The President — ^Then the shell is gone, and the iron leflb. 

Mr. BoTD — ^The chemical part of the shell remains in the Cleveland 
stone. 

Mr. Marley — ^The magnetic stone is not in analogy with the Cleve- 
land. 

The President — It has changed its character from a peroxide to a 
protoxide. 

Mr. Marley — I acknowledge themagnetic stone is free from "pectens." 

Mr. Bewick — After hearing what has been stated by our President, 
I am bound to say our opinions are as much opposed as ever, and I shall 
endeavour to shew you that the ironstone beds they have bored through at 
Bosedale Abbey are not the same as the magnetic ore and top bed found 
by the side of the valley, that, in fact, the borings have not reached those 
deposits by several feet, and that, therefore, tliey have not as yet proved 
anythinff more respecting them. The strata they have bored through 
are quite above them, and you will find on looking at the table of the 
borings, published with the July discussion, that an important member of 
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the series^ wliich immediately overlies tlie top bed; is wanting. I allade 
to the great sandstone rock, which is seldom under 50, and sometimes 
met with 100 feet thick. This rock does not appear in the borings at all. 
The President — ^Yes, it does, viz. : — 

Fms Ft. In. 
Brown freestone, No. 1 bore-hole 12 6 6 \ 

Brownand ffreypost, 2 do 12 1 (^»">,°'l;«lJf^^?.^P«»*» 

* ^ *^ ' i mixed with shale. 

Brown post 3 do 11 6 0^ 

Mr. Bewick — ^That is not the sandstone I allude to. That rock is found 
higher in the series, and belongs to the coal measures, which your bore- 
holes have gone through, but, as I have just said, they have not yet reached 
the other sandstone, and cannot, therefore, have touched the top bed. In 
this section, plan 5, you have, in my opinion, a type of the ironstone you 
have gone through in your borings. The seams here are thin and divided, 
and the shale between them is intei'spersed with iron nodules ; and, as you 
admit the seams are split in the last bore-hole, it but serves to confirm 
my opinion that they are one and the same. They occupy the same 
geological position in the series — that is, they intervene the great sandstone 
rock and the coal measures in the oolitic series. 
The President — Do you purpose giving the sections for publication f 
Mr. Bewick — ^Yes; I intend leaving the whole of the sections with 
you for that purpose. The thickness of every stratum, in the diagram 
representing a cross section of the vale of Rosedale, is taken from the 
table of the borings before referred to, in which I may here observe 
there is an error of 3 fathoms 2 feet. The total ought to be 48 fathoms 
2 feet, instead of 51 fathoms 4 feet, and if you take from this 1 
fathom 1 foot for the grey shale they have left off in, below the iron- 
stone, it leaves 47 fathoms 1 foot, from the top of the bore-hole to the 
bottom of the ironstone. I am thus particular because I have taken a 
line of levels, commencing at the south drift, by the side of the hill, and 
terminating at the south bore-hole ; and I find there is a difference in the 
height of the level, and the depth of No. 2 bore-hole, of 64 feet, fully cor- 
roborating what I before stated, viz. — Tbat the bore-holes have not yet 
reached the sandstone which overlies the top bed, and if you will allow mo 
to explain my sections, I think they will prove to you that the ironstone 
they have cut through belongs to that which we call the oolitic beds, and 
which are found in different localities in the Grosmont district, not so 
thick, it is true, neither are they magnetic ; but they are found, as I before 
stated, occupying the same geological position, and accompanied by the 
same description of strata. Section plan 5 is taken between Goathland Mill 
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^"Wl^nle, near Grosmont^ wliicb, you will observe^ contams the some 

^^-x^i; strata of sandstone^ shale, coal, and ironstone, as you see in 

^ I^Xcui 6, which is a transverse section of the vale of Rosedale, repre- 

S %he strata they have bored through there. The ironstone beds a 

section plan 5, are, in my opinion, the same as those marked a 



— section plan 6. The bed c is very irregularly diffused through- 
I^Xs portion of the oolitic district. It is found in the nodular form. 



places you find it of considerable thickness, and then, again, 

^'^^3r wanting. Sometimes of good quality, but more firequently 

^^'^ and inferior, and gradually alternating with the sandstones. The 

* ^ is more regular, but thinner, and of very good quality ; its upper 

'"^^^^xi consists of a nodular bed averaging fiom 3 to 6 inches ; and the 

*'^*' portion a bed averaging from 12 to 18 inches in thickness. Where- 

^'^ I have met with those beds, however, I have always found them so 

~^^tble, both in extent and thickness, as to afford no reasonable prospect 

^ ^^eir paying for working. They may certainly be found different 

^ ^^osedale, but I would just observe that I consider boring a most fal- 

^lous mode of proving ironstone deposits in strata, such as that which 

borings have gone through^ you are so liable to mistake a nodule 

a bed, or a portion of a bed. I shall be much surprised if you do 

; find the section of your shaft, should you sink one, very different from 

^"lie section of your bore-hole. 

The President — ^Then it is a question of policy, in Mr. Bewick's 
*^]0W of the case, commercially considered, whether the borings should 
Xnot be continued. With regard to the identity of the position in the series 
of the bed of ironstone ranging around the Rosedale valley, as shown in 
plan No. 4, and also colored in plan No. 1, it appears to be undoubtedly 
the '' top bed " of Cleveland. All parties admit this. Then the question 
18, is the bed of ironstone proved at the pit No. 1, plan 2., fig. I; and 
the bed corresponding therewith and proved in the bore-holes Nos. 1, 2, 
and 8, and therein designated by me as the top seam, the same bed of 
ironstone 7 Mr. Bewick thinks not, and that the borings have not yet 
reached this bed. I can, of course, only refer to the borings, driftings; 
and the section of pit No. 1, and I must add that there appears to me no 
doubt whatever on the subject; and the fact that, according to Mr. 
Bewick's plan No. 4, we have the top bed on both sides of the magnetic 
quarry, ranging as accurately as can be conceived with this bed in the 
borings, confirms this supposition in my opinion. It is true that this bed 
is at a lower level at the south or left band drift than on the north side, 
but this is clearly the effect of the dyke shown on plan No. 1, which 
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throws down the strata in that direction. With regard to the supposed 
want of what Mr. Bewick calb the thick sandstone strata immediatelj 
above the top bed of Ironstone, and shown on the section, plan No. 6, to 
be 100 feet thick, I have looked carefully over the sections given in 
Mr. Harley's paper, and I do not find in any one of them, except at Eston 
Nab, the extreme northern point of the distinct, .any bed of sandstone 
approaching to that thickness, and there the section g^ven is 

Ft. In. 

Freestone 60 

Bhiwerj post, patches of jet, and fireday 54 

Top seam, exclnsive of sbale bands . • 1 3 

At Rosedale ClifiBi, between Staiths and Runswick Bay, we have 

Ft In. 

Freestone 26 

Fireolaj 4 6 

Freestone shale 5 6 

Bine shale 10 

Top seam, excloslTe of shale hands • • 4 7 

Still farther south, the sandstone at Wreck Hill is only 10 feet, with 2 
ftet 6 inches of shale covering the top seam^ and at Grosmont, Mr. Marley 
gives 26 feet of sandstone, and another section at 68 feet 6 inches, which 
he says varies in thickness and quality. At Fryupdale, the thickness of 
sandstone is given at 66 feet, and at another place, viz., Swainby, the 
following is the section — 

Ft. In. 

8oil,&c 3 

/-Near the limekiln this ia 
Freestone 24 0-< 100, with 0-inch iron - 



Ft. In. 

Slaty coal 9 

ShJe I 

Sandstone 4 

Shitycoal 

6 

Shale 5 

Coarse freestone 3 6 

Shale, with occasional nodules ) -i^ q 

of ironstone $ 

Top seam 28 



C stone halls in it. 



Considering, therefore, that in the borings there is about CO feet of 
sandstone, there does not appear to me any substantial difference between 
the shale in those borings, and in the other parts of the district to justify 
the supposition that the upper bed of ironstone is not the top seam. Mr. 
Bewick thinks the boreholes have not reached the sandstone he describes. 
If so, he should like to ask Mr. Bewick what seam of ironstone that is 
in the district which has been bored to ? 
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Mr. Bewick — It is, m my opinion, as I Lave previously stated, the 
ironstone found in the oolitic series. 

The President — Where does it occur in the other districts? Where 
do you find another similar deposit in Mr. Marley's sections 7 

Mr. Marlbt — Dr. Verity gives a variety of ironstone seams. If we 
refer to the plate in page S06 of my paper, you will find there are several 
ironstone seams lying over the seam, which we agree to be the top seam 
of Cleveland. Professor Phillips said, that with the exception of the 
classification of names, this section was practically correct. 

The President — Do you think the ironstone which crops out all 
around the valley of Sosedale is the top seam ? 

Mr. Bewick — I think so ; I have no doubt about it. 

The President — If we are agreed that the deposit of ironstone found 
cropping out around the valley of Rosedale, as shown in the difierent 
plans, then there can be no difficulty in tracing the sandstone overlying 
that bed to the sandstone first of all sunk through at the pit No. 1, on 
the plan No. 2, and thence to the boring Nos. 1, 2, and 3 ; and these 
borings having passed through the upper bed of ironstone, below such 
sandstone, and then through the magnetic bed, there cannot be the least 
doubt of the geological position of these beds. With reference to the 
levels there is no discrepancy whatever in that respect, there is a rise in 
beds in the line of the drift, and in the extension of that line to the 
borings, and the direction of the line between the borings seems to be 
nearly water level at that part There is not, therefore, the least discre- 
pancy on this point. I have taken the ordnance maps as my guide as 
regards the levels, and have no doubt they are correct. Whatever opinion 
may, therefore, be arrived at with respect to the comparison of the beds 
proved in the borings and in the pit, with the beds at Grosmont, &c., 
there appears no doubt in my mind that the mass of ironstone of the 
quarry is a detached portion of the thick or lower bed of ironstone, and 
that such bed exists in ritu for a considerable, and, of course, at present, 
for an unknown extent in the locality of Sosedale. 

Mr. Bewick — If our President means by pit No. I, the air-shaft 
sunk on the main drift, I quite agree with him that the sandstone found 
in that shaft is the same as that which overlies the top seam ; but, I beg 
to say, I entirely differ with him in supposing it to be the same as that 
they have gone through in the borings. I am also opposed to his opinion 
with reference to the direction of the dip and rise of the strata. There 
can be no doubt, I think, but the strata on the west side of Bosedale, 
and to the south of the crown, — that is the point from whence the strata 
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dip in contrary directions — are dipping in a liuth-westerly direction^ as 
sbown in my section plan 4^ and still more clearly proved by the drift 
commenced on the south side of the magnetic dyke, and driven in a line 
with the south bore-hole, running nearly west, but which has been dis- 
continued, owing to the top seam, in which the drift was commenced, 
dipping so much in that direction, instead of rising, as our President 
supposes, as, at the distance of not many yards, to be completely imder 
water-level. With reference to the slip-dyke or fault mentioned by that 
gentleman, I can only state that I have never yet been able to discover 
any dislocation or disturbance of the strata, other than what has been 
occasioned by tbe dyke of magnetic ore in its immediate vicinity. Then, 
as to the extent of the magnetic ore, all I can say is, I have paid several 
visits to Rosedale solely for the purpose of examining the strata in that 
neighbourhood, the many deep ravines which abound there afiEbrding ample 
opportunity for doing so, but I have never been able to trace the magnetic 
ore beyond the vicinity of the quarry, and every visit only serves to convince 
me that it is a casual deposit, in the shape of a dyke or vein. A bed, how- 
ever, of SCO yards in length, and from 80 to 32 feet thick, cannot be identified 
with a casual deposit, nevertheless, I think, very probably there may be a 
mistake in supposing you have a soUd mass of ironstone 32 feet thick. 
This may have occurred from the borers having cut through nodules or 
irregular patches of ironstone, and also from the shale in which it is found 
being very hard and of the same color as the ironstone. From these cir- 
cumstances it is an easy matter to be misled by borings. 

The President— Whatever may have been the result of investigations 
on the surface, I do not think I can add any further information to that 
already given and sbown on the plans, to prove that a thick bed of iron- 
stone of about 32 feet, exists over a space of upwards of 660 yards in 
length, and 200 yards in width, with not the least indication of any 
change or termination of such deposit. It would, indeed, be a most ex- 
traordinary occurrence in the annals of boring, to suppose that occasional 
nodules, or irregular patches of ironstone should have produced the result 
recorded in these borings. The boring through the ironstone beds was 
performed under the immediate inspection of Mr. Stott, a well-known 
experienced borer, who kept the specimens brought up the borehole ; and 
I can add, that I examined a great many of the specimens myself with 
a magnet, and found tbem magnetic. There is not the least pretence of 
supposing that shale could be mistaken for ironstone. Have you seen 
any nodular magnetic ironstone in the Grosmont district ? 

Mr. Bewick — Never. You must remember, (addressing the President,) 




that you stated at the October ilisciis^ionlioi 1857, that Professor Phillips 
and yourself, had discovered the magnetic ore in " two localities two 
miles apart/' viz., at Sherifis drift and at the Quarry, and again m the 
July discussion of last year, you stated the stone in the drift south of the 
dyke was magnetic, but on examining it I found this not to be the case 
as regards both the drifts. I believe the reason why there are so many 
conflicting opinions with reference to the nature and extent of the magnetic 
ore, is owing to the difficulty there is in distiDguishing the ore from the top 
bed — that is, in separating the igneoui portions from the sedimentary, for 
although they are both frequently magnetic in the immediate vicinity of the 
dyke, there is yet a vast difference between them. The igneous portion is 
harder, heavier, and more compact than the sedimentary, and the former 
appears to have acted upon the latter whilst in a heated condition, much in 
the same way as a magnet acts upon a piece of common iron, imparting to 
it a portion of its peculiar magnetic properties, much in the same way as 
the magnet imparts to the common bar of iron a portion of its magnetism. 
I may here be permitted to add, that whilst I believe this ore to have 
been subject to a heat sufficient to evolve the different gases it con- 
tainedy I yet do not think the heat has been of that intensity so as 
enttrely to expel it. We need not, therefore, be surprised at traces of 
carbonic acid being found in the chemical analysis of this ore. Here is 
a specimen of the igneous portion, which I took from the bottom of the 
quarry, and, after examining it, no one can doubt I think of its having 
been subjected to heat. 

The President— There is no doubt, as stated by Mr. Bewick, that 
portions of the top bed in Rosedale are occasionally magnetic, and it was 
this property which led to the mistake, if they are mistakes, in supposing 
the magnetic bed to have been discovered at Sheri£& drift, and at the 
drift south of the magnetic quarry. The explorations at that time had 
not been sufficientiy extended, nor have they yet been prosecuted to such 
an extent as to ascertain if the magnetic bed exists in those localities. 
Finding part of the ironstone partaking of magnetic influence led to a 
supposition that this bed did exist in those localities, and the subsequent 
explorations have not been prosecuted to an extent to ascertain the &ct 
either one way or the other. To Hr. Bewick— iFrom what part of the 
quarry did you take this specimen 7 

Hr. Bewick — ^It is from the floor of the quarry. This (showing 
another specimen), is a sample of the top bed which appears to have 
been partially burnt, and jou will at once be able to detect the difference 

TOL. TII^— FSBBUAST, 1869. p 
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between them. These (showing other specimens)^ are samples of the iron- 
stone found in the oolitic rocks, in the neighbourhood of Grosmont, some 
of the nodules of which are amongst the richest of the claj or caloareoiM 
ironstones. I omitted to state that, with the exception of the fint 60 
feet; where the ground was so steep that I could not fix mj instmmenty 
and from which there may be some slight inaccuracies; I took mj lerela 
with a good and safe instrument; and the operation was performed in the 
ordinary way of back and foresights. I find the difference between my 
levels and what I suppose the correct position of the top bed of ironstone; 
and that shown by the bore-holes; to be 64 feet. 

The PREsiDBNT^-The question of the difference of the leveb rests 
entirely upon the assumed inclination of the beds ; a difference of level of 
64 feet in a distance of 400 yards; accordS; in my opinion; with what 
may be supposed to be the regular inclination of the beds. 

Mr. Bewiok — ^Yes ; but in your section you connect two sandstones 
which have nothing to do with each other, viz.; the sandstone found in 
the air shaft immediately overlying the top bed; and the sandstone found 
in the bore-hole; between which there are several feet of aUenuUmg 
strata, and to do which you must of necessity raise your level line, and 
show the strata to be rising in that direction; but the drift you have 
driven some distance into the side of the hill; and at the same point as 
my line of levels, shows the strata to be dipping in that direction. I 
may mention; too, that had another bed of 32 feet thick really been met 
with in the bore- hole, it must have been found along the sides of the 
valley, which are intersected in so many places with mountain streams, 
all of which have been searched by persons having a fair knowledge of 
the geology of the immediate neighbourhood; but without the least trace 
of it having been met with. 

The President — I cannot think that there is the least doubt that the 
sandstone in the pit, No. 1 section, plan No. 2, is the same sandstone as 
that proved in the borings ; all the appearances on the surface, as well 
as the general rise and dip of the strata, prove this. Extending the line 
of section across the valley, it is clear there is a general rise of strata 
along the line of section. No doubt the strata in the drift dip towards 
the west, but that is no doubt influenced by the slip dyke which crosses 
it. I would observe, that taking the line of section along the face of the 
valley in plan No. 1, in the direction of the dotted line a J, and applying 
the inclination of the top bed of ironstone, shown on plan No. 4, to that linO; 
and not to the curved or projecting line along the face of the hill, the posi* 
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tion of the bed would be rising from a towards b, and it would reqoiro a 
dip dyke, shown on plan No. 1; to throw the bed into its proper position 
along the face of the valley to the west of the magnetic quarry. On examin- 
ing plan No. 1, it will be seen that the magnetic quarry and the top bed of 
ironstone, as shown in plan No. 4; project considerably to the east of 
the general line of the side of the vaUey, which being towards the dip of 
the strata, shows the top bed at a lower level than if the section had been 
continued in a more direct line, or in the direction a b. Whatever con- 
clusion, therefore, may be arrived at after all the explanations given, we 
have the fact of an almost horizontal bed of ironstone, and of nearly an 
unifinrm thickness, distinct in character from the ordinary beds of the 
district, extending over a length of 568 yards and a width of 200 yards, 
which clearly proves that it is not a vein. How much greater distance 
it extends, must be left to future explorations to prove ; but it would 
certainly be an extraordinary anomaly in geology for such a thickness of 
strata to disappear altogether in a short distance. If it extends across 
the valley, as shown in Mr. Bewick's plan No. 5, then there is no reason 
to suppose that it may not extend to the same distance to the north ; and 
if, according to Mr. Bewick, the borings have not yet reached to the top 
bed. of ironstone, then the deposit of ironstone, in the valley of Rosedale, 
is richer in ore than either Professor Phillips or myself have set forth. 
The correct extent must, however, be left to future explorers to discover. 
Enough has been proved to show a most extraordinary deposit of a very 
peculiar and rich ironstone, and well worth further investigation. 

Mr. Bewick — ^There is a section of the cross drift, shown on plan No. 2, 
driven at right angles from the main drift to prove the breadth of the 
dyke, and which, at the distance of 16 yards, cuts the shale, and apparently 
touches the top seam at the same time. Ac the distance of 6 yards, the 
stone in this drift ceases to be magnetic. It is, therefore, incomprehensible 
to me how it can again become so at the distance of 200 yards from this 
point. Of course, you have a right to infer from the information that 
reached you that such is the case. Still I would strongly recommend 
that the borings should be continued to prove whether the sandstone be 
below you or not ; to ascertain which could not fail to give great satis- 
faction to all concerned, the cost would not be great, as the bottom of 
your borings must be near the top of that rock. 

The President — ^The cross drift was not sufficiently extended to the 
west to prove the dyke, but, as there was a considerable rise of the strata 
in that direction, no doubt such an inclination has been occasioned by the 
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proximity of the dyke, shown on the plans No. 1 and 2. All the &ct8 
show that the slip dyke has been a dislocation subsequent to the formation 
and consolidation of the various beds a£Fected by it; and, consequently, 
such dyke could not^ we can scarcely conceive, have any influence on the 
character of the ironstone bed itself, especially as it is not contended, I 
believe, that such dyke is either of a basaltic or mineral character, there 
being no appearances, in my judgment, to justify such a conclusion. 
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Matthew Liddell, Esq., in the Chair. 



The Secretary having read the minutes of the Council, 

The following" gentlemen were elected members of the Institute : — 
Joseph J. W. Watson, Ph. D., &c., The Knap, Cheltenham ; and Richard 
George Coke, Ankerbold, Chesterfield. 

Mr. Berkley said, Mr. Greenwell had sent some remarks on the 
subject of regulators. 

The Secretary said, Mr. Thos. John Taylor had told him to com- 
municate to the meeting that he was unavoidably absent, but he would 
be quite ready to enter into the subject for discussion at the meeting in 
June. If this paper of Mr. Greenwell's bore on the subject, the whole 
matter might be postponed till the next meeting. 

After some further conversation the Chairman requested Mr. Berkley 
to read the following remarks by Mr. Greenwell :— 

I think it necessary to make a few remarks upon the following obser- 
vation contained in Mr. Atkinson's paper, read in June, 1858, p. 165 :^- 

« The opinion here to be advocated is, that except in so far as the difference of deniitj 
in the air, in different parts of the air-ways in different splits, where the coarse followed 
bj the circulating^ air may dip or rise, may g^ye rise to discrepancies, air will divide 
itself in the same proportions over any number of rontes or splits, whatever may be the 
irross quantity of air circulating in the unit of time." 

Vol. VII.— Mat, 1859. Q 
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On reference to page 160, it will be observed that I expressed before 
the Institute an opinion at variance with the above. 

Experiments have since been tried, and the i-esults, read at the meeting 
held on February 3rd, seem practically to corroborate the view taken 
by myself, to such an extent, at least, as to demand the carefial examina* 
tion of each division of air, in the event of any sudden depression of the 
ventilating power. 

My more particular object, however, in maldng these few with the 
following remarks, is to endeavour, if possible, to show why the prac* 
tical result is at variance with the theoretical opinion 3 and I make them 
with considerable diffidence, because they involve some deviation firom 
the law governing the ch^culation of currents of air in mines, as now 
generally accepted. 

The present law treats of air as a fluid passmg along a channel of 
unif&rm dimensions, similarly to water or air passing along a pipe; and 
this is a position which I now assail. If this were correct, I should 
agree with the opinion expressed by Mr. Atkinson ; but in consequence^ 
as I think, of the premises being inaccurate, the results, as proved in 
practice, are equally so. 

And I do not think that the observations on these experiments, con- 
tained in page 77 of the present volume, at all affect the value of the 
lesson which they teach, for " routes not being level," '' return air being 
at liberty to pass into other workings," " leakages of air," &c., &c., are 
such occurrences as are constant in practice, and fact as we find it, must 
be our guide, and not fact as it theoretically ought to be. 

An air-current passing along an air-course does not pass along an 
uniform pipe, but it passes along a channel the area of which is in some 
parts capacious, but in others comparatively speaking contracted. In 
fact, to confine ourselves, for perspicuity's sake, to one very short and 
one very long current, the short air-course may consist of 100 yards of 
fifty square feet in area, and the long one of 10,000 yards of the same 
dimensions. For one inch in length of the short current, the area is 
perhaps only one square foot, and there are probably several places in 
the long air-course, where the area for short distances may not exceed 
twenty-five feet. 

As much, therefore, as the inch in length of the one air-course, rather 
than its full length of 100 yards, is the ruler of its quantity of air, so 
much are the contracted spaces existing in the other air-course, rather 
than its full length of 10,000 yards, the ruler of its proportion. 
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We will now suppose that each diTision consists of 10,000 feet of air, 
this amount being adjusted by experiment. If we double the exhausting 
power we do not affect the two air-courses equally, because, in the one 
case we increase the ventilating pressure upon an area of one square 
foot, and in the other upon twenty-five, checked in the former case by 
the firiction along lOO yards of 50 feet area, and one inch of one foot 
area, and in the other by 10,000 yards, chiefly of 50 feet area, but in 
places only 25. We, in this case, by increasing the exhausting power, 
increase the quantity circulating through the long division in a greater 
ratio than that passing through the short one. If, on the other hand, 
we reduce the exhausting power, we produce a diminished eSect upon 
the short division as compared with the long one, the ruling area acted 
upon by the exhausting power being smaller. 

I have not gone at any length into this question, as it strikes me that 
its importance is such that it must g^ve rise to considerable investigation 
and discussion, rendering further comment unnecessary at present. I 
would simply observe against the accuracy of any conclusion that will 
be arrived at, by taking an average area of any air-course as a basis of 
calculation of the resistance met with by ventilating currents. 

The Chairman thai said, no one would take the average size of the 
area as a principle. 

Hr. Atkinson said, there was nothing like an average area assumed 
in anything he bad said or written. He had drawn up a few remarks, 
connected with his former paper on splitting air, which he had intended 
to be introduced as part of the diseussion. 

The Chairman — ^If this is merely a part of the discussion, it could 
scarcely be printed till the discussion comes on. 

Mr. Atkinson — ^Either that, or let each of these papers go as the* 
discussion held to-day, and then adjourn the discussion till next meeting. 
If it was thought well to receive this as a short discussion, the President 
and others might read it before the next meeting. 

The Chairman— How would that affect Mr. Taylor ? if he has gone- 
to the trouble to make experiments. 

Mr. Atkinson — It would be an advantage to him. He would have 
an opportunity of considering it previous to the discussion. 

The Chairman — Under these circumstances the paper may be read. 

Mr. Berkley — It would be an advantage. 

Mr. Atkinson then read tlia fellowmg remarks : — 
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There are one or two statements contained in the preceding part of the 
discussion of this subject as to which I beg to make a few remarks. 

At page 70, vol. VII. of "Transactions/' the late Mr. Wales, whose 
recent death we have to deplore, is reported as intimating that the 
experiments he had praviousiy given (see pp. 66 and 67 of '' Transactions/' 
vol. VII.) indicated that far off splits of air receive a smaller proportion 
of the gross quantity circulating than the shorter splits, as such gross 
quantity becomes reduced in amount, whether the far off splits happen 
to be rise, dip, or level ones. And in the next following page , he appears 
to have signified that the principles advocated in the paper under dis- 
cussion had only been confiimed in the exceptional case of his No. II. 
set of experiments, made in the Eppleton pit. 

These statements, I submit, witli all due respect for the memory of 
the departed, are not supported by the experiments to which they allude, 
nor by any others that have come under my notice or been laid before 
the members of the Institute. 

In No. I. set of experiments, Mr. Wales shows by his diagram, and 
admitted in this room, that the far off split was a rise split, while the 
near hand one was virtually level, so that the results are in perfect 
keeping with the principles of the paper under discussion. 

In No. II. set of experiments, Mr. Wales himself admits that the 
principles of the paper are borne out, as the long dip split obtains an 
increased share of the gross quantity of air as it becomes reduced in 
amount. And I may remark that, on two previous occasions, (making 
three in all,) under different arrangements, in the presence of Mr. Wales 
and myself, in the same pit, precisely similar results were obtained* On 
one of these occasions, the waste steam from the underground boilers, 
instead of passing direct to and up the upcast shaft, was reversed and 
carried inbye in the long dip split, when the main regulator was nearly 
closed ; and on the other occasion, although this evil was provided 
against by placing the main regulator on the inbye side of the boilers, 
yet we found the air in the short split was reversed when the main 
regulator was reduced to a very small area, while a considerable quantity 
of air continued to circulate in the long split — the return air from the 
long dip sj)Iit overcoming the total ventilating pressure, and passing 
outwards, through the route of the short split, into the main intake of 
the long or far off split, when the total quantity was small. 

As regards No. III. set of experiments (page 07, vol. VII. of "Tran- 
sactions ''), made in the Blossom pit, at Hetton Colliery, Mr. Wales 
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admitted in this room^ and^ indeed, shows in his diagram, that the air 
in the long split had access to rise workings, while the short split was 
virtually level, so that these results are admittedly in accordance with 
the principles laid down in the paper under discussion. Since the 
February meeting, however, Mr. Wales and myself made a series of expe* 
riments in the same pit, with the rise workings of the long split partially 
closed off, and although, when we reduced the gross quantity of air by 
closing the main regulator in the main intake, we found that a reduced 
proportion of air passed into the long split, we at the same time found 
that an increased proportion came out of it; and although more 
pains had, on that occasion, been taken to prevent leakage from the 
Eppleton pit than when No. III. set of experiments were made, still 
Mr. Wales himself was constrained to admit that this leakage was such 
as to render even these experiments useless. And on a still more recent 
occasion, with the hse workings of the long split partially shut off, and 
still greater precautions against leakage from the Eppleton pit, we found 
that when the gross quantity of air was reduced to its lowest amount, and 
none passed inwards in the main intake, there was still as much (or a 
little more air) coming out of the long split as passed through the short 
split, still indicating that, from leakage, the experiments were quite 
inconclusive ; and as the two last-named trials were instituted with the 
view of testing the principles of the paper in perfectly level splits, it 
is the lamented decease of Mr. Wales that has delayed further and 
more satisfactory trials being made in this pit. The source of error will 
act in directly opposite directions, if the trials are first made by placing 
the main regulator in the intake, and afterwards repeated with it in 
the main return, and they would be nearly eliminated by reducing the 
furnace power without employing a main regulator in either the main 
intake or main return; and I propose to have, with the aid of Mr. 
Daglish, one or both of these modes tried before another meeting, if the 
question is allowed to remain open till then. 

We see, therefore, that in No. III. set of experimoDts there is nothing 
contrary to the principles of the paper under discussion. 

In No. IV. set of experiments I have already admitted there is an 
apparent contradiction to the principles of the paper, as a long dip split 
there appears to obtain a decreasing proportion of the gross quantity of 
air as it becomes reduced in amount. That it is only an apparent and 
not a real departure from the piinciples of tlie paper I am satisfied, and 
have previously (see page 7*1, Vol. VI I., " Transactions,") pointed out 
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the probable source of tliis apparent discrepancy between the theory \ 
observed result, as arising from a leakage from the Eppleton pit inta 
the long split, which leakage would become greater and greater in 
amount as the gross quantity of air became less and less in amount, by 
closing the main intake regulator, and thereby taking the pressure att 
the Minor pit side of the holing, and thus introducing Eppleton pit air 
into the long dip split, owing to which the quantity of air passings 
inwards in the intake, to that split from the Minor pit, would necessarily 
be reduced in amount, and suppressed, as indicated by the results of the 
experiments, while the real quantity in the long split would, at the same 
time, be an increased one. 

It would be highly satisfrtctory to myself, and, I think, not without 
interest to the members, if Mr. Daglish could spare time to repeat these 
as well as the Blossom pit experiments, with increased precautions against 
errors and leakage, to lay before some future meeting. 

In further confirmation of the general accuracy of the theory adopted 
in the paper under discussion, which maintains that in dip-ways, when 
the intakes have lower average temperatures than the returns, as is usual 
in mines, the long dip splits wiU get a continually increasing share or 
proportion of the gross quantity of air circulating, as it becomes reduced 
in amount, and confirmatory of the results obtained on three separate 
occasions in the Eppleton pit, as already alluded to, I have be^i favored 
with the result of another set of experiments, instituted at the Spring- 
well colliery, by Mr. Southern, in which the far ofif, or long spUt, had a 
very considerable dip. 

The accompanying sketch shows the general position of the air-ways,, 
and the rise and dip of the strata ; BJ' is a main regulator, placed in a 
part of the main intake traversed by the air before reaching the splitting 
point A; M b ia n similar regulator, placed in a pai*t of the main return 
traversed by the air of the splits after they have been again united at 
the point 2?, and, by means of either of these regulators, the gross quan- 
tity of air circulating can be altered in amount, while the air-ways of 
the splits, and the regulator c, in the short one, remain unaltered. At 
the point e in the long split, and at the point d in the short one, are 
frames, each having an opening 3 feet x 8 feet, or 9 feet area, where the 
number of revolutions per minute performed by an anemometer can be 
ti-ied. 

The short split was merely the length of a stenting from A to B, a 
distance of 20 yards, and wa? nearly level, while the long split traversed 
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Biindrv districts of workings in the form of sub-splits, all, however, lying 
very considerably to the dip of the short split, being the whole of the 
workings down the engine bank of the colliery. 

At Cy at a distance of 18 yards from the measuring place in the short 
level split, a reguktor was so fixed as, at the commencement of the 
experiments, to equalize the currents in the long and short splits, as indi- 
cated by the same anemometer, at the measuring places e and d, in the 
respective splits, each of which were nine feet in area, and this regulator 
was allowed to remain in the same state during the whole of the expe- 
riments. 

In the first series 1, 2, 3, and 4, the main reg^ator in the return was 
not made use of, but was standing wide open while the gross quantity 
of air was reduced, by closing more and more the main reg^ator ^ in 
the maia intake, and the results were as follows : — ^temperature, return 
05°, intake 50°. 

8PRINGWELL COLLIEaY. 



No. of 
Experi- 
ment. 



Area of Main | Area of M^In 
Intake RcgnUtor Return Kegui^tor 



%t£/. 



Feet. 
3913 

9*00 

400 

0-25 



tiJih, 



Wide Open. 
Do. 
Do. 

Do. 



Area of Short 

Current Kexu* 

later at iJc 



Fixed. 
Do. 
Do. 

Do. 



No. of Revolntlona of Anemometer 
In 9 Feet Area. 



Short Cnrrent at 
d. 



1350 
10671 
5221 



Long darreat at 



1350 

1140 

800 



C Air reversed in the short split, 
c a good current going into 
C long one. 



SECOND SERIES OF EXPERIMENTS. 

Main Regulator in the Intake at f wide open, — Quantity reduced by closing 
Return Regulator at b. 
Feet. 

Fixed. 



Wide Open. 
Do. 
Do. 



Do. 
Do. 



1100 


1137i 


097J 


900 


262^ 


675 



From these experiments, we perceive that the fur off splits owing to 
its being a dip-way, and having a higher temperature in the returns 
than in the intakes, obtains a continuallj increasing share or proportion 
of tlie gross quantity of air circulating, as it becomes reduced in amount 
by closing a main regulator either in the intake or return air- ways, and 
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thus being in accordance with the principles adopted in the paper i 
discussion, and opposed to the very common opinion to the coitrary, to 
the effect that the opposite results would ensue, whether the splits were 
rise, dip, or level ones, and to which opinion our lamented friend Mr. 
Wales appears to have clung even after being acquainted with three 
different sets of experiments, made at Eppleton colliery, all giving the 
contrary results. 

As the quantities of air in the long and short splits, in No. IL set 
of experiments, made at Eppleton colliery, were never so regulated as to 
be equal in amount, and as the short run regulator was never altered 
during the experiments, the extreme cases may be stated as follows (see 
page 66, voL VII. of " Transactions ") :— 

No. of BcTolatlonf per Minute Berolntloiu per Miirata 

Ezperlmeat In Short Split. in Long SpUL 

7 1220 1140 

4 485 645 

But, in order to compare the results, let us alter each of the largest 
quantities to 1000, and ascertain what the lesser quantities would become 
when altered in the same ratio. 

As 1220 : 1000 :: 485 : 897-54 the proportionate number of 
revolutions per minute on reducing the greatest number to 1000 in the 
short split ; and 

As 1140 : 1000 :: 545 : 478-07 the proportionate number of 
revolutions per minute on reducing the greatest number to 1000 in the 
far off or long split, so that these results may be viewed thus— 

No. of Proportionate Number of Proportionate Number of 

Experiment. ReTolutions per Minute in Short Split. Rev. per Minute in Long Split. 

7 1,000 1,000 



397-54 478-07 



So that, on proportioning the largest quantities as equal to each other, 
we find that, on reducing till the revolutions are only 40 to 50 per 
cent, of their original amount, the far off split obtains an increase of 
about one-fifth greater number of revolutions per minute than the near 
hand or short split. 

In conclusion, I would merely submit the following experiments on 
this subject, which have been sent to me by Mr. Cooper, who made them 
at the Grange Colliery. I give them because the reduced quantity of 
air was effected by reducing the furnace power, and not, as in most of 
the other cases, by means of regulators j the measurements of the air 
being made by timing powder smoke. 
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ExperimenU an Splitting Air. 

Grange Colliery, 27th August, 1858. 

The furnace was fired well all day on Fiidaj, up to 6 p.m., and then 
ceased entirely to 6 p.m. on Saturday. 

No I. Experiment at 6 p.m., Friday, August 27. 
No. II. „ at 6 a.m., Saturday, August 28. 
No. III. „ at 6 p.m., „ „ 

The heat arising from steam pipes in the pit and workings seemed to 
keep the temperature at 70^ in the upcast, and the downcast temperature 
was near about 53}°. 

CaMc Feet of Air per Minute. Per Cent. 

Experiments. No. Way. So. Waj. Total. No. War. So. War. Total. 

No. 1 9,313 + 13,800 = 22,613 .... 41-19 58-81 = 100 

No.IL .. 4,868+ 6,743 = 11,611 .... 41-92 68-08 = 100 
No. III... 4,558 + 6,985 = 10,643 ...• 4323 66-77 = 100 

North Way — Length of current 2141 yards. 

South Way — Length of current 1489 „ 

Mr. Dunk ohserred that Mr. Ross's paper stood for discussion. 

The Chairman said he had not seen Mr. Ross's paper, and as there 
were so few memhers present, he suggested that the discussion be post- 
poned. It was an important subject, and, in justice to Mr. Ross, it 
might be as well to postpone it, to give an opportunity to those, who, like 
himself, had not read the paper, of considering it. 

Mr. Ross consented to this arrangement; after which the meeting was 
adjourned. 



Vol. VII/— Mat, 1859. 



ON THB 

KELATIVE IMPORTANCE OF CERTAIN CAUSES 

IN 

PKODUCING CHANGES OF DENSITY 

IN THE AIB OF MINES, 

AS IT PROGRESSES IN CIRCULATING. 



By Mr. JOHN J. ATKINSON. 



At a recent meeting of the members of this Institute^ some difference of 
opinion was expressed as to the comparative importance of two causes, 
each operating in expanding^ and thereby in reducing the densitj of 
the air in the return air-ways^ below the density of that in the corres- 
ponding intake air-ways, under the ordinary conditions prevailing in 
mines. See Transactions, yoL YII., page 75, Sx. 

1 then stated that I considered that the higher temperature usually 
prevailing in the air in the return air-ways, over that existing in the air 
in the intake air-ways, had, imder the ordinary conditions of mines, a 
much greater effect in expanding the volume, and thereby reducing the 
density of the air of the returns below that of the air of the corresponding 
intakes, than arose from the reduced barometrical pressure prevailing in 
the returns compared with that prevailing in the intakes, owing to the 
gradual expenditure of the motive colunm, or ventilating pressure, as 
the air progressed in its circulation through a mine — a cause which I 
held to be (under the ordinary conditions of mines) one of small impor- 
tance in comparison with the former. 

I beg to submit the following investigation of the matter to the notice 
of the meeting. 

The expansion which air (under a constant pressure) undergoes by an 
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increase of temperature is such; tLat any volume of air at 0^^ or zero of 
FahrenLeit's scale, is increased in bulk by l-459th part of such volume 
for each degree of heat added, so that the comparative volumes, assumed 
by a given quantity of air, at different temperatures, so long as the 
pressure remains constant, are directly proportional to the sum of the 
temperature and the constant number 459 ; thus, air under a constant 
pressure at 40^, 50°^ and 60°, has volumes respectively proportional to 
499; 509; and 519. And since the densities of air are evidently inversely 
proportional to the spaces occupied by a given quantity or weight, it 
follows that at the temperatures 40°, 50°, and 60°, under a constant 
pressure; the densities are respectively proportional to the fractions 

499, 509; 519 

From what has been stated, it is evident that if by t we denote the 
average temperature of the intake air, and by T that of the return air, 
then, under a constant pressure, will 459 + t and 459 + T represent 
numbers proportional to the volume assumed by any given weight of the 

air in the intake and return respectively ; and the fractions .^q 
and TT^ =ror the numbers 459 + T and 469 + t will be propor- 

40y T JL; 

tional to the densities of the air in the intake and return respectively. 

On the data just given, and assuming the pressure to be constant; if 
we take the average temperature of the intake air at 40°, and that of 
the return air at 41° (being only one degree more), we should have the 
relative volumes in the intake and return proportional to 499 and 500 
respectively ; and taking the density of tlie intake air to be represented 
by 500, that of the return air would be 499 ; being a reduction of l-500th 
part below that of the intake air. 

Again, if the average temperature of the intake air were 50°, and that 
of the return air 61°, the volumes would be respectively proportional to 
the numbers 609 and 510 ; and, therefore, the density of the intake air 
being assumed at 610, that of the return aii* would be 609; or l-610th 
less. 

And, similarly, if the average temperature of the return air were 60°; 
and that of the intake air 01°, the volumes would be respectively pro- 
portional to the numbers 619 and 520. 

And assuming the density of the intake at 520, that of the return 
would be 519, which is l-520th part less than the density of the intake 
air. 
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Let us now proceed to consider what amount of ventilating pressure 
(as represented b j a water gauge connecting the intake and return air- 
ways near the bottoms of the downcast and upcast shafts)^ gradually 
expended on overcoming the resistances offered by the air-ways extending 
from the bottom of the downcast shaft to that of the upcast shaft^ would 
be required to give rise to equal amounts of differences of densities 
between the air of the intakes and that of the returns^ to those differences 
of densities we have ah-eady seen to arise from an average difference of 
1° of heat at different temperatures ; presuming, for that purpose, that 
the temperature of the air remains uniform or constant throughout all 
parts of the intake and return air-ways. Taking the atmosphere at the 
surface of the earth, or the tops of the pits (and presuming them to be 
on the same level), at 80 inches of mercury (taken at 52^) ; then, since 
the density of mercury at 82° is 18*596 times as great as that of water 
at its greatest density, and since mercury expands about l-9990th part 
of its bulk at 82°, for each degree of temperature added^ this pressure at 
the tops of the pits would be equal to 

18-596 X 9990 x 30 .f^yM- i. 
9990-32 + 52 = ^^^'^^ '''^'' 
of such water colunm ; but taking the pressure at the bottom of the 
downcast pit at 81 inches of mercury (at 52°), this would give a pres- 
sure of l-80th more, or of 420*64 inches of water column, taken at its 
greatest density; while the intermediate pressure of 80| inches of 
mercury, at the same temperature, would be equal to a pressure of 
418*85 inches of water colunm at its greatest density, and the latter is, 
perhaps, more nearly the average pressure of the atmosphere in mines 
than the former. 

Now, supposing that a water gauge connecting the intake and return 
air-ways of a mine, near the bottoms of the pits, indicates a pressure, in 
inches, of water column represented by m, as being expended on the 
resistances of the air-ways extending from the bottom of the downcast 
to that of the upcast shaft ; and, for perspicuity, let it be further pre- 
sumed that the whole of the air-ways are situated in the same horizontal 
plane, and that the ah* goes direct to the face in the intake, and returns 
direct back to the upcast shaft in the return,— equal distances of its 
entire route presenting equal resistances, — ^then the barometrical pressure 
at the bottom of the downcast shaft, being taken at 81 inches of mercury 

at 52° or 420*64 inches of water column, would be reduced to 420*64 — 77 
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at the face, or exti-einity of the intake, because -^, or half of the motive 

column, will have been gradually expended on overcoming the reauMeti 
of the intake air-waj before reaching that point, making the ayerage 
pressure of the intake air 

420-64 + (420-64 - ^ ) 

S = 420-64 - ^ 

2 4 

The pressure at the bottom of the downcast shaft would, of course^ 

be 420*64 — m, and that at the face being 420*64 ^, gives the 

average pressure of the air in the return, as 

(420-64 - m) + (42064 - ^) o 
^ L' = 42004 - |m, 

the average pressure ia tlie return, is, therefore, less than that in the 

intake, by (42064 - f") - (420-64 - |-m )= y> <>' ^^ of *•»• 

ventilating pressure expended on the resistances of the working^. 

Now, the fraction of the pressure of the intake air, bj which the 
pressure of the return air is less than it, is evidently 



m 
IT 



\i m 



420-04 - — ^^^^'^^ " "^ 
4 

and, since the densities are proportional to the pressures, this fraction, 
ififto.rfi — — > ^^ ^^^^ *^^® fractional part of the average density of the 

intake air, by which it exceeds that of tlie return air; and, therefore, in any 
case, we have only to establish an equation between this fraction and 
that representing^ the reduction of density, arising from an increase of a 
degree of temperature, and, from it, to ascertain the value of m, in order 
to determine the necessaiy expenditure of ventilating pressure on the 
resistances of the air-ways required to produce the same amount of dif- 
ference of density between the air in the return and that in the intake, 
as is due to the assumed difference of temperature of one degree. 
We have already sipen that a difference of 1° of temperature between 

* And hence in all cases m is proportional to, or varies as, the difference hetwecn the 
average pressures and densities of the air in the intake and that in the retura, so far ai 
it arises from this cause. 
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the intake and the return aii-s creates a difference of l-500th part in tlie 
densities, when the air of the intake has a temperature of 40°, and that 
of the return one of 41°, and, hy putting 

1 2m 



500 1682 66 - m 
we find m = 1*681 inches of water-gauge as necessary to cause the 
same average difference of density, between the air in the intake and 
that in the return, as would arise from a difference of 1° of temperature, 
on supposing the temperature of the intake to be 40°, and that of the 
return to be 41°, and the pressure to be constant. 

And, if we presume the average temperature of the intake air to be 
60°, and that of the return to be 61°, then, since the density will be 
altered by 1-6 10th part, from this source, we have 

JL 2m 

610 ■" 1682 56 - m 
and, therefore, m = 1*648 inches of water gauge ventilating pressure, 
as necessary to cause an equal difference of density to that arising from 
a difference of a single degree of heat at these temperatures. 

Again, taking the intake temperature at 60°, and that of the return 

at 61°, the reduction of density in the return is r^^ , and putting 

L - 2m 
520 " 1682*66 - m 

we get m = 1*616 inches of water gauge as necessary to be expended 
on tl|e resistances of the workings, to give rise to a difference of density 
(between the air in the intake and that in the return), equal to that which 
is due to a difference of only 1° in the average temperatures, when 
that of the intake is 60° and that of the return 61°. 

An examination of the formula that has been employed will show that 
if the barometrical pressure of the air at the bottom of the downcast 
shafl were less than 31 inches of mercury, or 420*64 inches of water 
column, then the water gauge column, or ventilating pressure, required 
to give rise to equal differences between the density of the intake and 
that of the return air, to those already ascertained as arising from 1° of 
temperature, would not be so great as those that have been found as 
due to the greater barometrical pressure, in exactly the same ratio that 
the barometrical pressure itself might be less than that just mentioned. 
And, by applying the formula, we obtain the results specified in the fol- 
lowing table, as due to barometrical pressures of 31, 30^; and 30 inches 
of mercurv. 
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A 


B 


C 


D 


E 


F 


Arerage 
Tempera- 
tare of 
Intake 
Air. 


Arengt 
Tempera- 
ture of 
Setnm 
Air. 


Fractional part 

of the 
Density of the 

Intake Air 

hy which that 

of the Retam is 

leas than it. 


Barometrical Prassnrv of the Air at the Bottom 
of the Downcast Pit. 


81 Inches of 

Mercury =»• 

490 64 Inches of 

Water. 


80| Inches of 

Mercury = 

413^ Inches of 

Water. 


80 Inches of 

Mercury «= 

40707 Inchea el 

Water. 








Water Gauge 
Colamn. 


Water Gauge 
Colamn. 


Water Gauge 
Column. 


o 

40 
60 
60 


o 

41 
61 
61 


1-500 
1-510 
1-520 


Inches, 
1-081 
1648 
1-616 


Inches. 
1-653 
1-621 
1-690 


Inches. 
1-626 
1-596 
1-564 



It iS; perhapS; needless to remark that it rarely happens^ in practice^ 
that there is a greater amount of ventilating pressure expended on the 
resistances of the workings of mines than even the least of those contained 
in the above table, as being required to give rise to the same difference 
of density between the air in the intake and that in the return, as would 
result from a difference of only one degree of temperature at the respec- 
tive barometrical pressures and average temperatures indicated in the 
table; it may, therefore, be concluded, that even under the extreme 
conditions of the average temperature of the intake air being as high as 
60^, and the barometrical pressure at the bottom of the downcast pit 
being as low as 30 inches of mercuiy, it would still require as mucE^ is 
1*564, or upwards of 1| inches of water gauge column to^l) egmirfiri i i)i 
expended on overcoming the resistances of the workings of such a mine, 
in order to produce the same disparity of density between the air of the 
intake and that of the return, as would result from a difference of only 
a single degree in their average temperatures. 

As the average temperature of the air in the return air^ways of coal 
mines generally exceeds that of the air in the intake air-ways by several 
degrees, and as few mines exhibit the amounts of water gauge indicated 
in the foregoing table, it is submitted that the reduction of densi^, 
arising from the gradual expenditure of ventilating pressure, is, under 
ordinary conditions, very much less in amount than that arising^ from 
the average temperatures of the air in the return air-ways of mines being 
higher than those of the air in the corresponding intake air-ways, and 
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that, therefore, the effects arising from the former caase are generallj of 
small importance in comparison with those arising from the latter. 

The average effective differences of density, arising from the causes 
imder consideration, are much the same in rise or dip workings as they 
are in level workings ; for, in traversing rise workings, although the 
absolute density of the air would become less and less (quite independent 
of the expenditure of the ventilating pressure), owing to its being com- 
pressed by less and less of air column as it ascends ; still, there is a further 
reduction of density, arising from the gradual expenditure of ventilating 
pressure on the resistances of the air-ways, as it progresses in its circu- 
lation, and also from the expansion due to any gradual increase of 
temperature that may happen to take place as it travels. 

And, in like manner, although the absolute pressure and density of 
air going into dip workings may become greater and greater as it pro- 
ceeds, owing to its becoming compressed by a continually increasing 
atmospheric column, still this increase is less than it would have been 
but for the gradual expenditure of ventilating pressure on overcoming 
the resistances of the air-ways as they are traversed, or but for the 
gradual expansion of the air, by its increasing temperature, as it pro- 
gresses in its route. 

Were it not for the changes of density in the air, arising from changes 
of temperature, or from the gradual reduction of pressure due to the 
expenditure of ventilating pressure on the resistances encountered, or 
from other causes, no forces would be created, even in rise or dip 
workings, either in favour of or opposed to the general ventilating pres- 
sure, because, in the case of rise workings, the gradual reduction of 
density due to the air as it ascended the intake, and thereby became 
subject to a lessened superincumbent column of air, would have been 
exactly counterbalanced by the gradually increasing density as it de- 
scended again in the return, and thereby became subject to the pressure 
of a correspondingly increasing superincumbent column of air. 

And, similarly, in dip workings, the gradual increase of density due 
to the air as it descended in the intake, thereby becoming subjected to 
the pressure of an increased height of air column, would have been 
exactly counterbalanced by the gradually decreasing density as it 
ascended again in the return, and thereby become subject to the pressure 
of a correspondingly reduced superincumbent column of air. 

It may be added, that the effects of the gradual expenditure of 
ventilating pressure in expanding the air in the returns over that in the 
YOL. VII.— Mat, 1869. » 
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intakes would become less and less in amount as the quantity of ^ir 
circulating in the unit of time became itself reduced^ if the reduction 
arose from a reduced ventilating pressure, or from the absorption .ofwn. 
increased share of such ventilating pressure by any main regulator placed 
in the air-wajs traversed by the air before reaching or after passing the 
splits under comparison, inasmuch as the pressure expended on forcing 
the air round the splits would thereby become less and less in amount; 
indeed, the pressure favourable to ventilation in dip workings, and 
retarding it in rise workings, so far as it arose from this source, would 
become reduced in a much higher ratio than the corresponding reduction 
in the quantity of air circulating in the unit of time, the total pressure 
varying as tlie square of the quantity of air circulating in the unit of 
time.* 

Thus, if 3-5 inches of water gauge caused 60,000 feet of air to circu- 
late per minute, on reducing it to 40,000 tlie water gauge would only 
indicate 1*6 inches of column ; on further reducing the air to 30,000 feet, 
the water column would fall to '9 inches ; and, on reducing the air to 
20,000, it would fall to '4 inches ; while, on reducing the air to one-fifth 
of its original quantity, or to 10,000 feet per minute, the water gauge 
would be reduced to 1-S5th of its original amoimt, or to 0*1 inch -, so 
that this is far from bemg a constant force, either in favor of or opposing 
ventilation. 

The following example is submitted, to illustrate the general conclusion 
tliat has been anived at in the foregoing pages. 

Suppose a mine to have two pairs of drifts, driven perfectly level, to 

the extent of 1,000 yards, or 3,000 feet, on opposite sides of the shafts, 

with a stenting or communication connecting each pair at their extremi- 

* Since the squares of the quantities of air circulating in the unit of time, in the 
same unaltered splits, are directly proportional to the motive column expended on over- 
coming the frictional resistances ; and since the amount of the diflference between tha 
average barometrical pressure or tension of the air in the intakes, and of that in tha 
returns of the respective splits, is also proportional to the some motive column expended 
on the frictional resistances ; and since such differences between the pressure or tension 
of the air of the intakes and that of the returns of the resj)ective splits are, at the aame 
time, proportional to the differences that they create between the densities of tha Air of 
the intakes and that of their respective returns, and also to the local forces or preasuret 
to which the latter, in turn, give rise (operating in aid of the general ventilating prea- 
sure in dip workings, and in direct opposition to it in rise wcrkln^cs), it results that 
these locsil forces, arising from such differences of density, themselves vary in the aama 
ratio as the general ventilating pressure applied to the frictional resistances, and, thera* 
fore, like itself, are proportional to the square of the quantity of air circulating in tha 
unit of time ; and hence, although they do affect the absolute quantities of air circulating 
to the small extent shown in this article, they cannot alter the proportions in which it 
distributes itself over a series of common splits, as it becomes altered in amount, ao long 
as the air- ways forming such splits remain unaltered, and the temperature of tha circu- 
lating air is the same throughout ihkit extent.~See Note, page 118. 
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ties; one of each pair being connected with the downcast shaft, and used 
as an intake, and the other connected with the upcast shaft, and used as 
a return air-way. Also, suppose the same mine to have two other pairs 
of drifts, of the same length as the level ones, one pair extending 3,000 
feet, to the extreme rise, and the other a similar distance to the extreme 
dip of the strata ; the dip and rise being assumed at 1 in 20, each of the 
four pairs ef drifts being ventilated by a distinct split of air. 

Let it be further assumed that the temperature of the air over the 
entire extent of each splint is 62^. Taking the barometrical pressure of 
the air at the bottom of the downcast shaft at 30J inches of mercury, 
of the density due to the temperature of 32°. 

Now, supposing the ventilating pressure expended on overcoming the 
resistances met with by the air in traversing the drifts composing the 
workings of the mine, to be equivalent to the pressure of 3 inches of 
water colunm, taken at its greatest density, (which is due to a tempera- 
ture of 39°'l, according to Joule and Dr. Lyon Playfair), as indicated 
by a water gauge, connecting the intake and return air-ways at the 
bottom of the shafts, and, therefore, not exhibiting the pressure due to 
the resistances encountered in the shafts, this ventilatmg pressure would 

be equivalent to a column of mercury, of the density due to a tempera- 

g 
of 32°, of . Q.eQg = '220053 inches in height. 

Now, it has been found by M. Regnault, that mercury is 10,517*3 

times denser than air, at a temperature of 32° in each case, the air being 

under a pressure of *760 metres, or 29*92196 inches of mercury. But 

the density of air at 32°, is to that of air at 62°, as 469 + 62 is to 

459 + 32, or, as 521 is to 491 ; so that the ratio of the weight of 

mercury at 32°, to that of air at 62°, imder a pressure of 30J inches of 

/I J J . ooo^ . 10,517-3 X 521 X 29-92196 
mercury, (also reduced to 82°), is as — • jqz ^ttz = 

10,948-4 to 1 ', and hence the barometrical pressure at the bottom of the 
downcast shaft, reckoned in air colunm, of the density due to a tempera- 
tiu^ of 62°, is 

10,948-4 X 30-5 ^ ^^^^,^ ^^^ 

1<6 

The ventilating pressure expended on the workings, exclusive of that 
expended on the resistances in the shafts, is equivalent to an air column 

10,948-4 X -220653 ^n. o r * • ^. - i.. 
—2 _- 201-3 feet m height. 
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Now, assuming that one-half of this motive column of 201*3 feet^ is 
expended in the intakes, and the remaining half in the returns, the baro- 
metrical pressure, under which the air exists at the bottom of the down- 
cast shaft being 27,827*2 feet, at the extremes of the level ways it is 

201 '3 
27,827-2 ^ = 27,726-55 feet, and, therefore, the average com- 

• r.v. . * 1 • • 27 ,827-2 + 27,726-55 o^„^r,^^ - , - 
pression of the mtake au* is — ^ — = 27,776*87 feet of 

sir column. 

We have already determined the tension of the air at the extremities 

of the level ways to be 27,726*55 feet of air colunm ; at the bottom of 

the upcast shaft it will be 27,827-2 — 201-3 = 27,625-9 feet of air 

column, and therefore, on the average, it will be, in the returns from 

^, 27,726-55 + 27,6259 o^ /j^/j on r ^ r • i a 

these ways, —^ jf = 27,676*22 feet of air colunm; and 

since the temperature is taken as being imiform, the densities of the air 

will be directly proportional to the pressure or tension under which it 

exists, and hence we determine that the average density of the air in the 

A^ .1, 1 1 -1 27,776*87-27,676-22 . ^.^. 
returns from the level ways, is only — ' ,^^ ^^^ ' = l-27oth 

part less dense than that of the corresponding intakes, a difference of 
density that would have resulted from the return air being only l®-9 
warmer than the air of the intake. 

And here it should not be forgotten, that the extreme amount of three 
inches of water gauge, that we have assumed, is at least twice as great 
as prevails in the average of mines, exclusive of that expended upon 
shaft friction. 

For the rise split the tension of the aii* at the bottom of the downcast 
would, as before, be equivalent to an air column of 27,827-2 feet 5 but at 

sooo 

the extreme rise there would be a diminution of ^ = 150 feet, owing 

to the rise, and a further diminution of one-half of the motive column, 

201*3 
or of — ^— = 100-65 feet, leaving a prevailing tension there of only 

27,827*2 - 150 - 10065 = 27,576*55 feet of air column; making the 

average tension of the air in the intake -^^^-^'^ "|; ^^^^^^'^^ =27,701*87 

feet of air column. 

At the extremity of the rise-way we have found the pressure to be 
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27,576*65 feet, but owing to its gradually acquiring an additional pres- 
sure of 160 feet, in consequence of the descent in the return, while there 
is a gradual expenditure of pressure over the same distance of 100*66 
feet on the resistances, the tension at the bottom of the upcast shaft is 
increased to 27,625*9 feet, as in the level- ways; making the average 

, . r,T, . . ,T, ^ . ,^ . 27,576*66 + 27,626*9 
tension of the air m the return from the nse-way s = 

27,601*22 feet of air column ; so that in the rise-way the return air is 

1 A .1. *!, * r.i. • * 1, 1. 27,701*87 - 27,601*22 _ ^^^. 
less dense than that of the mtake by 07 701 ♦«? ^ l-27otn 

part of the average density of the intake air, being almost exactly the 
same amount of difference that has been found to prevail in the level- 
way. 

In the case of the dip-way we have, as before, 27,827*2 feet of air 
colunm for the tension of the air at the bottom of the downcast shaft, 
but this is increased by 150 feet in passing to the extreme dip, owing to 
its having to descend, while there is, in the same part, a gradual expen- 

201*3 
diture of - ^ = 100*65 feet of air column on the resistances, giving 

the tension of the air, on reaching the extremity of the drifts, as 
27,827*2 + 150 - 100*65 = 27,876*66 feet of air column, and 
making the average tension of the air in the intake of the dip-way 
27,827*2 + 27,876-56 ^ 27,851*87 feet of air column. In the return 

from the dip-way, the tension of the air at the face is, as before, 

27,876*55 feet of air column ; and at the bottom of the upcast shaft 

this tension is reduced by 150 feet, owing to its ascent, and by 100*66 

feet expended on the resistances offered by the return, leavint^ the tension 

there as 27,876*55 — ISO — 100*65 =r 27,625*9 feet of air column, as 

before ; so that the average tension of the air in the return from the 

.. . 27,876*56 + 27,625*9 0.7 .^ki 00 r ^ r • i j 

dip-way is — ^ ' '- = 27,751*22 feet of air column; and 

hence the average tension of the air in the return from the dip-way is 

1 .V .r. . C.I. • • .1, • * 1, V 27,851 87 - 27,751*22 
less than that of the air m the mtake by — nr» og-i on = 

l-276*7th part of the tension of the air in the intake ; being, sensibly, 
the same amount of difference as in the level and rise ways, and it would 
require less than 2^ of temperature to make a similar difference of density 
between the air of the intake and that of the return. And since it is 
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not many mines that afford more than one-half of the motive column of 
three inches of water to be expended on the workings, we may conclude 
that, in the most of our mines, an average difference of a single degree 
of temperature between the air of the intakes and that of the returns, 
would produce equal effects in reducing the density of the air of the 
returns below that of the intakes, with those that arise from the cause 
we have been considering. 
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GSNERAL MEETING, THUBSDAT, JUNE 2, 1859, IN THE BOOMS OV 
THE INSTITUTE, WE3TGATE STREET, NEWCASTLE-UPON-TYNE. 



Nicholas WooD^EsQ.^ President of the Institute^ in the Chair. 



The Secretary having read the minutes of the Council^ the following 
gentleman was elected a member of the Institute : — Mr. Samuel Bailey, 
Ward Collieries, near Walsall, Staffordshire. 

The President then said, the Council had suggested that it was de- 
sirable that the discussion on Ventilation should be deferred until a 
meeting to be called for that purpose in July. The members of the 
Institute would recollect that the original subject of discussion was, the 
Splitting of Air in Mines, and the proportions which each Current of Air 
would distribute itself along Routes of different Lengths, when subjected 
to different resistances, by alterations in the ventilating pressures, or by 
variations in the gross quantity of air circulating in any unit of time; 
supposing the regulators distributing such currents remain unaltered 
during such variation of quantity, or alteration in the motive column or 
ventilating pressure. 

It was assumed by some gentlemen, and by Mr. Atkinson, in particu- 
lar^ that, excepting so far as the gravitation of different temperatures 
and densities in ascending and in descending portions of the air-ways 
forming the different routes, might effect the result ; air would divide 
itself over any series of splits in the same proportions, whatever might 
be the amount of ventilating pressure or the gross quantity of air circu- 
lating in any unit of time, the regulators remaining unaltered. 
Vol. YII^— Ju5B, 1859. t 
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Other gentlemen^ and Mr. Wales^ in particular^ contended that prae* 
tioally, the regulators in a pit remaining unaltered^ and the rdatire 
quantities of air traversing long and short splits being adjusted, any 
increase in the ventilating pressure^ or variation of the qnanti^ of air 
circulating the mine^ would give a comparatively increased proportion of 
the altered quantity of air^ in the long routes^ and a diminished propor- 
tion of it in the short routes ; while a diminution of the aggregate quan- 
tity of air would give, on the contrary, a diminished share or proportion 
in the long route, and an increased one in the short route. 

A great many experiments have been made to test those opinions. 
Hr. Atkinson had favoured the meeting with elaborate investigations on 
the theoretical consideration of the questions, and he (the President) 
understood that Mr. Atkinson intended laying before the meeting to-day 
some further experiments; and, also, some observations on the result of 
the several experiments which had been made. Mr. Iliomas John Taylor, 
.while agreeing with Mr. Atkinson's g^eral conclusions on the aulgeel^ 
(see pages 76 and 76 of the present volume of '^ Transactions,'') still 
held that he had omitted to include amongst the causes assigned for his 
ednclusions, one of a highly important nature, and particularly at the 
meeting of February lai^t^ thinking that he had not paid sufficient atten- 
tion to the difiference of density between the intake and return asr of 
mines, so far as it arose from the expenditure of the motive column, and 
promised that be would write a paper, specially on the subject, which 
they expected Mr. Taylor would have produced at this meeting. Since 
he had taken the chair, he had received a letter from Mr. Taylor, express- 
ing his regret that a pressure of business had prevented him from being 
present at the meeting; but, that he had forwarded a few preliminary 
observations of his views on the subject, and stated that he hoped at the 
next meeting of the Institute, he would be able to lay before them a 
more elaborate paper on the subject, and be present to offer any ex- 
planation thereon. He would, therefore, propose, that the following 
preliminary observations by Mr. Thomas John Taylor be read. 



ON THE CAUSES OF THE 

VARIATION OF THE DENSITY OF AIR 

CIRCULATING IN COAL MINES. 



By THOMAS JOHN TAYLOR. 



In the question now under discussion by the InstitutOi a wrong im- 
pression appears to have arisen respecting the real points at issue. This 
will be; perhaps, best understood by making a few comments upon the 
following passage in Mr. Atkinson's paper, read at the last meeting. 

Referring to a former communication Mr. Atkinson says, '' I considered 
that the higher temperature usually prevailing in the air in the return 
air-ways, over that existing in the air in the intake air-ways, had, under 
ordinary conditions of mines, a much greater e£feot in expanding the 
volume, and thereby reducing the density of the air of the returns below 
that of the air of the corresponding intakes, than arose from the reduced 
barometrical pressure prevailing in the returns compared with that 
prevailing in the intakes, owing to the gradual expenditure of the 
motive column, or ventilating pressure, as the air progresses in it0 
circulation through a mine, a cause which I hold to be (under the 
ordinary conditions of mines) one of comparatively small importance 
in comparison with the former." 

Mr. Atkinson then proceeds, with great clearness, to establish the posi- 
tion thus laid down. It is, however, submitted that the effect of local 
differences of temperature upon the ventilation of mines has never been 
denied, and, least of all, by myself. On the contrary, the difficulty I 
have experienced, while allowing their full influence to those differences, 
is to account for the circumstance of their proving, not too little, but too 
much, as regards their influence upon ventilation, especially in the case 
where the airing of rise districts is compared with that of others lying 
to the deep of the same upcast shaft. 

To show my meaning more perspicuously, I shall here quote some 
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experiments made first by myself, and afterwards repeated, on my requesty 
by Mr. George Greenwell, some years ago, at Backworth Colliery, that 
mine having been chosen on account of its great differences of leTelf 
which at the time amounted to ninety-one fiathoms between the < 
dip and rise. 

T.— niSE AIR. 



Q 



Nearshaft ..,.. 4?!^ Near face ., . 57i 

Thr^ other sUtioas t^^ 53r p,^, .^her stations, the) ^fl 

last of which was at the J gj- j^t of which was' near } ^ . 

*^ - ■-■-* ^ the ^ pit upcast .J llo 

Mean --,.., 53i° 

Mean •...•* dSJ^ 

IL-^DEEP AIR. 

On engine level 59|** In workings ..- 66|** 

Three other stations, thel 60J^ Ditto 67p 

last of which is at the V 68 j® Intermedtate station 65|** 

bottom of the bank . . ) 0^^ Kew engine level 6o|*= 

Mean flip Mean -.,... 66*° 

The remark made upon these experiments is as follows :— » 

'* In both returns the air is warmer than in the respectiTe ingates : and 
this alone^ on a first glancOj would seem to furnish a solution to the fact 
that dip workings are better to ventilate than rise ones ; for liprhter air 
in a return from the dip constitutes a part of the ascensional column^ 
while in a return from the rise, its tendency is the contrary way j the 
principle is the same as that well-known one of the difficulty of forcing 
light inflammable gas downhill, contrasted with the facility of its ascent, 
circumstances well-known, not only in dealing with the mixed atmosphere 
of mines, but also by gas-makers, who are in the habit of allowing 
1-lOth of an inch, more or less, water pressure, for every ten feet of rise 
or fall in the level of the pipes." 

But the solution thus suggested does not go far enough. 

1. — ^We are to ask, whether all returns are warmer than their ingates? 
In the case of dip workings it is easily understood that they are so^ 
but why in rise workings? There are, in fact, cases where the tempe- 
rature of the return from rise workings does not exceed by a degree that 
of the ingate. Yet such cases are not excluded from the category under 
consideration. 

2. — ^We must also consider the effect of the variable amount of hygro- 
metric moisture in the air. Experiments for determining the moisture 
contained in the air at various points did not accompany the foregoing 
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observations on temperature, but those made since have shown that in 
this mine the dew point follows up within about SJ^ of the dry bulb 
temperature, and as the first observation, made near the bottom of the 
downcast pit, gave a temperature of 4:7 i^, the dew point may be put here 
at 45^, and at the upper station (58^^) at 66^ 

Then 30 + -458 tension of vapour at 56® = 30'458 

And 30 + -316 tension of vapour at 46® = 30-316 

being as 1000 to 1005 nearly for the ratios of density due to this cause. 

Variations in the volume and density of air from temperature, pressure, 
or vapour, are all to be brought in as elements for explaining the real 
point at issue, which is not, it is conceived, one of temperature versus 
motive column, but how to give a right explanation of all the circum- 
stances. Temperature ohmausly does not account for every case, it will 
not cany us through, either as regards dip or rise worhmgs ; nor, so 
far as my experiments go, will hygrometric difference do so, but the 
notable feature of the increase and diminution of ventilating column 
must necessarily find admission as one assignable cause at least into every 
example. 

Experiments require so much care and tinUe in making and collecting, 
that I have not yet been able to bring a sufficient number to bear on the 
question, and would be sorry, nor would it indeed be right, to lay any 
crude conclusions before the Institute respecting it. At the next meeting 
I shall read to the Institute a complete paper on the subject^ as well as 
on that of regulating stoppings, and other topics connected with venti- 
lation which have been recently brought forward. 

After the reading of Mr. Taylor's paper had been concluded, a discus- 
sion arose, as to the best course of proceeding. It was then suggested 
that the President should write Mr. Taylor, urging upon him to have 
the paper containing his additional observations ready for a meeting in 
July; that such observations should then be printed and circulated 
amongst the members; and, that the general discussion should be taken 
at the meeting in August. 

Mr. Atkinson then laid the following account of an experiment at 
Haswell Colliery before the meeting. 

On the 7th of the present month an experiment was made at Haswell 
Colliery, to ascertain whether a long dip split, or a short level one, 
would obtain an increased proportion of air, as the gross quantity became 
less and lesa in amount. 
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The accompanying sketch shews the air-ways; the extreme length of 
the long splits from the splitting point at ^ to the point of reunion^ was 
about 7,000 yards ; while the length of the short split to the first place, 
J?, where it meta part of the air returning from the long split, waa only 
about 16 yards, being the thickness of a stenting wall; and to where it 
joined a second portion of the long split return, at C> the distance was 
480 yards; the remainder being met at a little greater distance, at the 
point Ey as shewn by the sketch* 

The experiments were tried in a manner exactly similar to those 
reported to the Institute, and described by the President, at page 03 of 
the present volume of '^ Transactions." 

The results obtained were as follows :— 
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These resiilts are in perfect accordance with the conclusions come to 
in the paper, and opposed to those come to on the common opiniou or 
view of this part of ventilation. 

The President then said, that it would be in the recollection of the 
members, that at the meeting in May last, Mr. Berkley read some obser- 
vations, communicated by Mr. Greenwell, (who was not able to be 
present at the meeting) on the subject of Mr. Atkinson's conclusions, on 
the theoretical consideration of the enquiry. Mr. Atkinson informed him, 
that he had made some remarks on the observations which Mr. Greenwell 
had communicated to the Institute ; with the permission of the meeting, 
he would now propose that the remarks of Mr. Atkinson, on Mr. Taylor's 
objection, as well as on those raised by Mr. Greenwell, should be read. It 
was then agreed, that the remarks should be read and printed with the 
proceedings, after being put into the form of an ordinary paper. 
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purpose they had been forwarded by the member who advanced it, i% 
was decided that the notes which I had prepared for introduction into 
the discussion, should also be read^ and that I should^ afterwardsi put 
them into a form suited for their appearing in the '^ Transactions/' as an 
ordinary paper, if possible, in time for being printed, and in the hands of 
the members, prior to the adjourned meeting, appointed for the fi^eneral 
discussion of tiie whole subject. 

I proceed to do this : — 

I will first refer to the objection urged by Mr. T. J. Taylor, at pp. 
74> 76, and 76, of the present volume of '^ Transactions," being the sub- 
ject of the second of the two papers named in the title of this article. 

Although I am of opinion that the absolute quantities of air droulating 
in the rise splits are less in amount, and that those in the dip splits are 
greater in amount in consequence of the pressures arising firom the 
changes of density (to the extent indicated in tiie paper on the relative 
importance of certain causes in producing them) in the circulating air, 
arising firom the gradual expenditure of the ventilating pressure upon the 
resistances successively encountered by the air, as it circulates through 
the air-ways of mines; because these pressures always operate against 
the general ventilating pressure in rise splits, and in aid of it in dip 
splits, and therefore require to be deducted firom it in the former, and 
added to it in the latter case, in order to obtain the e£botaal pressure 
operating upon and overcoming the frictional resistances of the respec- 
tive air-ways ; nevertheless, I am also of opinion that the pressures or 
forces arising from this source, do not alter or aflfect the proportions in 
which any increaeed or reduced gross quantity of air that may be allowed 
to divide itself over any series of rise, dip, or level splits in a mine by 
altering the general ventilating pressure, while the air-ways forming the 
splits remain unaltered ; whether such alteration of the pressure appli- 
cable to the splits be made by increasing or diminishing the general ven- 
tilating pressure itself; as by driving a furnace to different extents, or 
allowing it to go out ; or whether it be altered by opening or closing a 
main regulator in either the intake or return air-ways, traversed by the 
whole of the air applicable to the splits, either before reaching the split- 
ting point, or after passing the point of retinion ; for the purpose of 
causing it to absorb more or less of any uniform ventilating pressure that 
may be employed, by thus increasing or diminishing the resistances pre- 
sented by such regulator, and so applying a greater or smaller portion 
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of such constant general ventilating pressure to overoome the resist- 
ances met with by the air in the splits themselves^ and thereby 
increasing or diminishing it in quantity. 

The following are my reasons for coming to the conclusions just men- 
tioned :— 

The density of air (temperature and other conditions being constant) is 
directly proportional to the pressure under which it exists^ and therefore 
the difference between the density of the air of a split, in any one part 
of its route, and the density of that in any other part of its route, is 
directly proportional to the expenditure of ventilating pressure in the in- 
tervening part of the route ; at least in so far as such difference of density 
arises from the expenditure of this pressure; and we are not here con- 
sidering other causes of change of density. Since this is true of the air 
in all the parts of its route, it is also true of the average densities in 
the whole of the route, or any portions of it, considered separately; and 
therefore, the difference between the average dermty of the air of the 
intakes f and that of the returns, of any split, is directly proportional to 
the expenditure of ventilating pressure, or the resistances of the splits, in 
so far as such difference arises from such expenditure of ventilating pres- 
sure, as a cause, however such ventilating pressure may be made to vary 
in amount, other things being the same. 

But since the gross pressures an all the sections of columns of air, 
whether such colunms are upright or inclined at any angle, are directly 
proportional to the vertical heights of the columns, to the areas of the 
sections, and to the average densities of the air over equal vBrtical 
heights in such columns, it follows that the differences between the 
pressures produced by colunms of constant heights, with proportional 
average densities over equal vertical heights, as in the air in the air-ways 
of mines, where the sectional areas are sensibly constant, must (so far 
as they are affected by the cause under notice) be always proportional 
to the densities themselves. And these are the pressures which, from 
this cause, require to be added to the general ventilating pressure in dip, 
and to be deducted from it in rise splits, in order to obtain the effectual 
pressures. 

Seeing, therefore, that the pressures arising fit>m this cause, are pro- 
portional to the ventilating pressure that gives rise to them, it follows 
that, in a dip split, we (so far as this cause is concerned) have to 
add to the ventilating pressure another pressure, arising from its expen- 
VoL. VII.— Juke, 1859. v 
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ditbre^ whidLalwajB varies in exactly the same proportion as itself in 
<ndar to obtain die effiafitnal pmsore riq^^ resistasoes ; and 

liave to deduct a quantity or pressure tiiat^ in:tiieoase of a^iiM splits i^alao 
cfUMtantly proportional to the pmssiire fiomwfaioh itia:ihns.to be taken ; 
and henoe^ in both easeSi the resisting efPectoal pressures, operatiay on the 
resistaiioes^ ara oonstenfly proporticmal, inieaoh of tlie sepai^ 
nine^ tOithoapioanl of iOie Tentilating pressuss employed; and. will nof^ 
theveibroi alter ^^ prqpartiofu in which the air (Mvidea itself aimongst 
ihem^howeTerjnnohjitBHiy a£bct their real lamounts^ iand, Una k ^o, 
wbetltetliBquMi^tifiii happen to Taiy as i^^^ agtcmv roo^ or as any 
other roots or powers jof the preasores, while the air^WBysjn^^ 
same state feentnury to 'the opiaioii which they were addooedloaapport^ 
/ HariiSg noticed iboi only point of didGneneet^in c^nnion, betweea 
}Cr. Tajylor and myself, mesitioned by Aat gentleman pzevic^. to. the 
readingof the ceisanka kt has sent to tl» present meetii^y Inow torn 
to.nofeicaothte Musei^' operating ^ producing changes of density in 
iheiairin.iaane^; oioidKng, howeveiv the e£B90ts of changes of tempo- 
latnremiirodnoingdiimgea of dtesity) as bemg^^^^ 
upoi^ i^K^he paper itsdf ;: am), aUo, that iHbiflh; liiavesjust jdisoossed, as 
being of Ho effect on the question as to.ika praportions in whicb air; 
divides itself over different splits in a mine • under differsBt> 'fsntilating 
pressures^ Bi doing this, I will merdy take the ^condilieBa assumed by 
Mr. Taylor himself, at pages 352, &c., of vol. UL, in criticising another 
paper, which I read to the Institute, on the Theory of Ventilation; 
but, before applying it to the matter in hand, I would here observe 
(owing to my not having had a suitable chance of doing so before) that 
the principal item which is there introduced with the view of shewing 
that the density of the air in an upcast shaft, is somewhat different to 
what I had, in the paper on the theory, treated it as being, is one that 
really was inapplicable to the case ; inasmuch as I had, in the paper 
itself, embraced its efiects. I here allude to the temperature imparted 
to the circulating air by the mine; the effects of which, on the density 
of the upcast column, are, of course, embraced in taking the average 
temperature of the upcast shaft, a fact which was perhaps overlooked 
by Mr. Taylor, in writing the remarks upon the paper alluded to. 

The statement given at page 355, volume III. of ^' Transactions,'' on 
the data there given, ought to have been as follows, omitting the matter 
I have named as being included by the paper itself:— 
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Cnbie Feet 

per Minute* Deadtj* 

In the mine we haye air as expanded hj the tempera- 
ture of the mine 81^638 1*000 

To add for hygrometric differences between the atmos- 
phere and the air in the mine* 225 0*625 

( 31,638 X l^^m X 0625 ^ ,.^^^) " " 

Deduct air of respiration 25 

Do. combustion of furnace fiiel 476 

BOX 

We get this, by having taken, above, the density of 
vapour of water at 0*625, and, for the present omit- 
ting to notice the air abstracted for respiration and 
combustion, and introducing the chemical products 
into which it is converted, in a subsequent part of 
the calculation, below 81,362 0*997 

Add light carburretted hydrogen, which appears always 
to be mixed with other g^es, as olefiant gaa, and 
nitrogen ; specific gravity, say 0'600 784 0600 

Add carbonic acid gas, from respiration .^ ••••.• • 5 

Do. combustion of fuel • • 95 

100 1*548 

Add nitrogen from respiration • 20 

Do. combustion •..•«..•• 881 

401 0*986 

/ 31,S62X*997+784X0 600-HOOX1'64 8+401XO-986^^.^Q V gg^g^y 0^ 
\ 0^04/ / 

Now, since 0*989 is the specific gravity of the resulting mixture in 
the upcast column, even on the grounds assumed, as in some respects an 
extremely unfavourable case for the paper on the theory, (taking the 
density of the air in the mine as the unit for comparison) we find that 
the difference 1 — 0*989 = 0*011, or, 1-^per cent is the entire difference 
of density between the upcast colunm, as assumed by myself in the* 
theory, (for the sake of avoiding intricacy) and the colunm, as it is 
assumed to be, in the extreme conditions taken by Mr* Taylor in his 

* Thia 18 on the supposition that the prerailing^ barometrical pressure is 30*615 inches 
of mercury ; and not 30 inches, as assumed by Mr. Taylor. The former number, 30*615 
inches, is probably nearer the average pressure in mines, than the latter. 
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eritigue, in order to render palpable the acknowledged (see pages 87 and 
88, vol. III. of ^'IVanBactions/' and other parts of the same pi^ier) 
absence ol rigid aceuracy in the paper he is tiiere reviewing. 

His wii>tftTr^ of inehiding tiie eximnsion arising from the heat imparted 
to the air« in its passage tfarongh the mine (really allowed for in the 
paper under reytew), appears^ in the critifjuc^ to increase tliiB discrepancy 
to 1 — 0*063 ^ 0*037, or d^j^ per cent., in lieu of l^^ p^r cent. ; the 
ultinaate mean densitj given in the remarks of Mr. Tayler comes out 
aa ■8724, to that of the aii^ in the downcast shaft, taken as unity, 
ty embracing the effects of expansion due to the mean temperature 
of the upcast shaft, making a difference betw&en the upcast and 
downcast densities, of 1 - '8724 = -1276, or upwwds of 12| per 
cent; but the average temperature of the air in each of the shafts being, 
itself, taken as a datum in my paper on the theory, the only difierance 
that is here shewTiy as a want of accuracy in it, amounts to no more thao 
1^^ per cent, in the extreme case assumed ^ and, since the quantities of 
air circulating, are, in the paper on "The Theory," taken as being 
proportional to the square roots of the pressures, such a difference 
as that mentioned, would oniy appear to give rise to one of about 
VT— ^/*Ssy = 0'0055 to unity, being a shade more than a-half per 
cent, in the absolute quantity of air circulating in the unit of time; oren 
under the extreme conditions assumed by Mr, Taylor, as stated by that 
gentleman, at page 854 of Vol. III. of "Transactions." 

And it should be borne in mind that, in the third chapter of the paper 
on the theory, commencing at page 86 of the same volume, it was stated 
that the conclusions come to in such paper, were not given as being 
rigidly accurate, although they might, perhaps, be regarded as possessing 
all the accuracy which could be considered desirable, imder the usual 
conditions prevailing in mines ; and surely the discrepancy just alluded 
to, cannot reasonably be regarded as being of much importance in such 
a matter. 

Iieaving this digression, I return to consider how far the causes alluded 
to, happen to give rise to differences between the densities of the air of 
intakes and that of returns, considered apart from those causes that are 
recognized and discussed in the two papers mentioned in the title of thia 
article ; taking, as a general guide, in doing so, the case cited by Mr» 
Taylor, as just mentioned. 

We thus obtain the following results : — 
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Air in the mine 31,688 1-0000 

To add for hjgrometrical differences, on the suppo- 
sition that thej prevail, as between the intakes 
and returns 225 0*6250 

81,863 0-9970 

Deduct air of respiration 25 

As the air under consideration is supposed not to have 
reached the furnace, we do not here notice its 
effects, as thej do not make the density of the 
return air differ firom that of the intake. 

81,838 0-9970 

Add for gases, as on Mr. Taylor's extreme assumption 784 0*6000 

Add for carbonic acid gas from respiration 6 1*6480 

Add for free nitrogen gas from respiration •. 20 0*9860 

C (31,838 X '997)4-(784 X '6)+5 X 1*548) + (20 X '986) _^^^^ \ Q2 Qi? 0*9875 

Now, since 0*9875 is the specific gravity of the resulting mixture, 
even in the extreme condition of the gas given off being as much as 
2J per cent., or l-40th part of the air circulating (a mixture of light 
carburetted hydrogen gas and atmospheric air, in the proportion of one 
volume of gas to 14 volumes of air, is explosive, so that if the air were 
reduced to one-third of its amount in such a mine, the whole of the 
return air would become* explosive), it follows that the difference 
1_0*9876=0*0125, or 1^ per cent., is the difference between the density 
of the air in the intakes and that in the returns of a mine under these 
conditions, if we even admit that no gas is given off in the intakes or 
returns, but that the entire quantity is assumed to be given off at the 
face. 

The difference of density just mentioned is such as to cause the air of 
the returns to be lighter than that of the intakes, to the extent oi 

— - — = l-80th part of its own density. 

This difference is equal to one that would arise from a difference of an 
average temperature in the intakes and returns, to be determined by the 
equation 

1 459 + t 
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Where t denotes Hie average temperature of the intake air^ and t^ tbaft of 
lihe air in the return; from which equation we find 

t.=«?^t.......... ..„.......,.....pi 

And if we assume the avwage intake temperatiffe t, to be40^y W6 find 

by the formula [2] that tlie average return tt-mperature t^, must be equal 
to 4G^'32, in order to give rise to the samo amoimt of difference of den- 
sity 'f so that the difi^rence of density arising- fi-om this cause i^ould, 
under these conditions, be equivalent to a difference of 46*32 — 40 = 6*33 
degrees of average temperature between the air of tba intakes and that 
of the returns. 

If we assume the uTerage intake temperatui^e to have been 50% we 
find, by a similar appHcation of the formula, that it would require 
the avera^ return temperature to be 56°*44j being an excess of 
56*44 — 50 = 0^-44 above the average temperature of the intake, in 
order to give rise to the same differences of density that are due to the 
mixture of gas with the return air, to die extent that has been assumed-. 

And if we presume the average temperature of the intake air to have 
been CO'^, we similarly find that it would require the retmia air to have 
had an ayerage temperature of 66°'57f or an excess over that of the 
return of QG^'^7 ^ GO = 6"^^?^ in order to give rise to the same differ* 
eace of density between the air of the intakes and that of the returns^ 
liiat would arise from the mixtm*e of gos to the extent, and under the 
hygrometrical conditions that have been assumed. 

Now, while it is fireely admitted that the differences of temperature 
just stated, (as being necessary to give rise to changes of density equal to 
those that woidd arise firom a mixture of fire-damp with the return air, 
to the extent of one-third of the amount required to render the whole of 
a pit* s air explosive, and on the fiirther supposition that no part of such 
gas was given off in either the intakes or the returns, but entirely in the 
extreme workings), are considerable in amount, it is submitted that the 
quantity of gas is never, under what is taken in the paper on splitting 
air, to be the " ordinary conditions of mines," greater than, say, one- 
half of the amount that has been assumed, inasmuch as I do not believe 
that there is a colliery deserving the name of being moderately well 
ventilated, which woidd give off sufficient gas to render the whole of the 
return air explosive on the quantity of air being reduced to one-third of 
its ordinary amount. Indeed, I am acquainted with collieries that 
generate large quantities of fire-damp, where the returns remain at least 
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this far removed firom the firmg pointy when the air circulating is 
reduced to one-half of its ordinary amount] and it must be borne in 
mind that the assumed conditions on which the calculations have been 
made^ involve the necessity of the enivre return being rendered explosive^ 
in the event of the air circulating being reduced to one-third of its ordi- 
nary amount, as has been stated. 

Under what may &irly be termed the ordinary conditions of mines, 
(as stated in the paper I am here defending), I do not, therefore, think 
that more than one-half of the gas assumed in these calculations can be 
presumed to be given off, " under the ordinary conditions of mines,'' 
and, in addition to this, if we consider that at least a part of the generated 
gas will be given off in the intake and return air-courses, and, therefore, 
have a less effect in creating difierences between the average densities of 
the intakes and those of the returns, than imder the assumption that 
has been adopted, of the entire quantity being given off at the extreme 
face of the workings, we may, I think, reasonably reduce the assumed 
amount of difference between these average densities, so &r as it arises 
from gases, to one-third of the amount at which it has been assumed, 
in order to bring it within what may be called the ordinary conditions of 
mines, so often stated in the paper, to be the conditions to which its 
general conclusions were confined. 

If we therefore presume the quantity of gas given off to have been only 
one-third of that previously taken, it wotdd be reduced to l-120th part of 
the circulating air, and the quantiiy of mixed air and gas escaping from 
the mine would become 82,124 J cubic feet per minute, and the density of 
the mixture would be 0*9938, taking that of the air at the temperature 
of the mine as imity, and presuming the whole of the gas to traverse the 
whole of the return, and no part of it to be given off in the intake, we 
should, by a series of calculations, similar to those already made, find 
that the return air would be lighter than that of the intakes, to the extent 

of — ^^^^j = ifiTToQ P^"^ ^^ ^*® ^^'^ density, and the differences 

between the average densities of the air of the intakes and those of the 
returns, would be found to be such as to require the temperature of the 
return to exceed that of the intake by S^'ll, when the intake temperature 
is taken at 40° ; by 3°-17 when it is taken at 50° \ and by 3°-24 when it 
is assumed at 60° ; in order to give rise to the same amounts of differences 
between the average densities of the air of the intakes, and that of the 
returns, as would result firom the hygrometrical state of the air, and firom 
the mixture of gases to the extent and in the manner we have presumed. 
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The. temperature just stated, as being equivalent to the ccmibiiied 
e£B9cts of the causes we are considering) are, I acknowledge, somewfaat 
greater than I anticipated before I made the calculations. The diffir- 
ences of temperature represent the number of degrees of heat ihat^ under 
the conditions we have assumed, would require to be added to Hie observed 
temperatures of the returns, in reasoning upon the e£focts that would be 
produced on the proportions in which air would distribute itsd^ over the 
splits of a mine, on altering the gross quantity circulating in tbe unit of 
time-HSuppbsing, of course, that the assumed conditions, as tothehjgio- 
metrical state of tilie air, and as to the proportion of gases given oS hj 
the minereaUj prevailed, and were not otherwise aUowed fiir. 

It would take a larger proportion of carbonic add gas to be given o^ 
by such a mine, in order to produce effiBcts equivalent in amount (but in 
the opposite direction) to those that we have calculated to be due to fire- 
damp; indeed, a small pr<^rtion of carbonic add gas would be required 
to be given off by a mine, in order to counteract the effiKsts on the density 
of the air in such a case, produced by its hygrometrioal condition In 
diffiarent parts of its route. 

If such a mine, instead of giving off fire-damp, were siqipoeed to give 
off carbonic add gas to the extent of 2} per cent of the volume of air 
circulated through the mine during the time of its being generated, thei^ 
still adhering to the specific gravity of 1*648, as adopted by Mr. Taylor 
(but which is doubtless too high), we find, by a series of calculations 
similar to those already given, that this quantity of gas would cause the 
return, on reaching the fiimace, to have a density about l-97th part of 
the density of the firesh air, greater than would be due to it in the absence 
of gases; a departure of less amount, from the standard density of firesh 
air, than we have already seen to be due to the presence of an equal pro- 
portion of fire-damp -, the difference being now in the contrary direction. 

If there was a mixture of these two gases, they would tend to annihi- 
late each others effects on the density of the return. 

We must, however, bear in mind, that the gases might be given off 
partly in the intakes, partly in the faces of the splits, and partly in the 
returns ; and, hence, it might be improper to consider the fiiU amount 
of these calculated differences of density, as prevailing on the average of 
the entire lengths of the intakes, and of the returns. 

In addition to this, if we consider that lights bum badly where there 
is only twice the assumed proportion of carbonic acid gas mixed with the 
air, or 5 per cent, by volume ; and that the mixture becomes dangerous 
to human life, if breathed, when it contains about thrice the assmned 
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proportion, or 7 J to 8 per cent. ; and that, therefore, lights would burn 
badly in the return if the air of a mine, having no better ventilation than 
we have assumed, if it were reduced to one-half of its ordinary amount ; 
and that it would become dangerous to human life on being reduced to 
only one-third of its original amount; I think we may, as in the former 
case, conclude that an excess of only about 3^ of temperature being 
required in the air of the intake over that of the air of the return, to 
produce an equal difference in their densities, is rather an outside quan- 
tity, than one arising under the ordinary conditions of moderately well 
ventilated mines. 

I would here add, that allusion is made at the commencement of the 
paper on splitting (page 16, vol. VII. of "Transactions") to the effects 
of gases, as well as of heat, on changing the density of the air in mines, 
and the paper comes to its conclusions quite independent of the particular 
causes which produced such a change of density in the circulating air. 

I now turn to the remarks of Mr. Greenwell, read at the last meeting, 
in reference to the paper then under discussion, which appear to be 
foimded upon some misconception on his part, as to the nature of the 
premises on which the paper is based. See page 105, vol. YII. of Trans, 
for these remarks. 

Before, however, that gentleman enters upon what he terms the more 
particular object of his remarks, he makes a quotation from the paper in 
question, and calls attention to the fact of his having previously ex- 
pressed an opinion at variance with that held by myself, as set forth in 
such quotation ; and afterwards alludes to the results of the four sets of 
experiments given at pages 66 and 67 of the present volume of "Transac- 
tions," as corroborating the particular opinion held by himself; and 
therefore, as might be inferred, disproving the opinion to the contrary, 
set forth in the paper to which his remarks bear reference, to the extent, 
he states, of demanding " the careful examination of each split of air, in 
the event of any sudden depression in the ventilating power." 

As, however, it formed no part of the opinion expressed by Mr. Green- 
well that a careful examination of each split of air ought to be made in 
the event of a sudden depression of the ventilating power, any more than 
of that expressed by myself in the paper he is objecting to, it follows 
that if the experiments do prove the necessity of making such examina- 
tion, in doing so they no more corroborate that gentleman's opinion than 
my own. The general opinion held, before the paper was written, by 
Mr. Greenwell and others, was to the effect, that, in the event of a sud- 
ToL. VII.— June, 1869. x 
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den depreflsion of therentilating power^ the long splits would reoeiTe a 
x«diioed iHfoportion of <he lessened qnantitj of ftir; and the shoHspUts 
an inoreased one; thns making die proportions depend upon the rdatiTe 
lengths of the splitB, and taking ho notiee of whether they happened to 
berise|dip|Orlereloaies; while the opinion maintained hy myself^ in 
the paper alluded to, on the oontraryi was to the efibot that tiie mare 
lengths of the splits had nothing whaterer to do with the proportions of 
any altered quantity of air they would reoeiTe; and that it depended 
chiefly upon the amount of rise or dip^ together with diSiarence between 
the temperatures and densities of the air in the intakes and that of the 
retumn of the seyeral splits; and these are the contrary opuiioiis that 
die ezperimoits were made to test ; and they were n6t made with any 
special tiew of ascertaining whether it was necessary to make a careful 
examination of each of Hie spHtSi in the erent of a sudden depession of 
the TentQating pewer, as this remark appears to imply ; die necessity of 
whidli I ha;ve nerer doubted any more tihan Mr. OreenweQ himself. 
' Let xm glance at the whole <^the otperiments at present before the 
Institute, in order to see which of these opinions are practically corro« 
berated by them; uid, on the other hand, whi«di of the opinions are di»* 
proTcd by their results. 

The Mowing is a summaiy of the results of the ezperfments at pre- 
sent before the members >- 
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On looking over the results of the twelve experiments, as just stated, 
we peroeive that the first nine, and also the last two (comprising four 
sets of experiments where all the workings were nearly leveli two sets 
where the long splits ventilated rise workings, and five sets where the 
long splits ventilated dip workings), hemg deven out of the twelve, 
all agree with the conclusions come to in the paper under notice; 
while the first four sets, made where the workings were nearly level, and 
also five out of the six experiments made where the long splits ventilated 
dip workings, heing no less than nine out of ten as to the expected re- 
sults of which there was any difference of opinion, directly contradict the 
common opinion which Mr. Oreenwell is defending. (See page 160, yd. 
VI.) The -only experiment (in which, however, the long split had 
only about eight fet horns of cli[>) havin^^ even tUo appearance of g"inng 
results opposed to the conclusions arrired at in the paper under discussion, 
being the Minor pit experiment, No, 10 in the foregcibg; list; and 
the result of even this solitary exceptloB is at variance with those of tlio 
remaining five of the Bets that wero made under similar conditions, so 
far as conditions were Epeciied in the paper I am defending. I allude 
to those where the long splits ventilated workings lying moro to the dip 
than those ventilated bj the short ones. Now^ as my conclusion in tbe 
paper was, that the common opinion Mr, Greenwell is defending in his 
remarks, would only hold true in the cases where the longer splits hap- 
pened to ventilate ri^e working^s (I mean rt^e^ wheti compared with the 
position of those ventilated by the shorter splits), and on the supposition 
of the air of the returns being less dense than that of the intakes ; and 
as I can prove that the experiment No. 10 was, by the conditions stated 
in my paper, excluded from being classed as one embraced in its general 
conclusions, while the whole of the results of the others are in accord- 
ance with them, I submit that these experiments altogether agree with 
and confirm the opinion set forth in the paper, and equally disprove and 
refute the common opinion to the contrary 3 a conclusion directly op- 
posed to that set forth in the remarks I am now reviewing, as given at 
page 160, vol. VI. "Transactions." 

If leakage existed to such an extent as to bring about results bearing 
the outward appearance of contradicting those anticipated in my paper 
(and I have stated this to have been my opinion in a previous part of the 
discussion, in reference to experiment No. 10 in the list), then the con- 
ditions required by the paper, to form a part of what was necessary to 
its conclusions, have not prevailed, and, therefore, the truth of the con- 
clusions i*emain unaffected by it. 



147 

That any such amount of leakage as I have mentioned is excluded 
from the conditions^ required by the paper^ in order to justify classing 
the case under its general conclusions, appears from the following ex- 
tracts from the paper itself : — 

« Owing to any contraction of the shafts or gpeneral air-ways where aU the air eireu- 
late» in one mats or bodg." — See pag^ 164, yol. VI. « Trans." 

** Or from a contraction introduced into the shafts or into any part of the air ways 
where the grou quantity of air droolates." See page 165, vol. YI. 

This, taken in connection with the fact that any leakages, or even open 
air-ways themselves, occurring between any two parts of the particular 
splits that are (;<mp2^^^Zy operated upon by the contraction, or by the re- 
duced ventilating power, do not affect the proportions (except as stated 
in the paper) in which the air will divide itself over them, when it is thus 
altered in amount ; as such leakages or the currents in such connecting 
and open aur-ways, will, themselves, be affected by the contraction or 
reduced ventilating pressure, in a manner similar to the main air cur- 
rents — these considerations, I say, plainly demonstrate that such cases 
as do not agree with the general conclusions of the paper, owing to 
leakage, are cases that the paper itself does npt class under such con- 
clusions ; and, therefore, even No. 10 experiment itself, is not really at 
variance with the paper, if the results were indeed rendered by leakage 
the reverse of what they would have been, in its absence. 

I will now prove this to have been the case. 

The result of experiments made on the 21st of May, by Mr. Daglish, 
Mr. Lindsay Wood, and myself, in the Minor pit at Hetton Colliery, un- 
der the same arrangements as to splitting the air, and in the same place 
that No. lY. set of experiments were made (the results of which are 
given by Mr. Wales at page 67 of the present volume), clearly prove 
that the apparent disagreement between that set of experiments and the 
principles of the paper under discussion is more in appearance than in 
reality; inasmuch as they prove ihsitihQ workings ventilated by the long 
split did actually obtain an increadng^ and not a decreasingy proportion 
of the air, as it became reduced in amoimt ; and that it was merely owing 
to that split obtaining (as the general quantity reaching the splitting 
point became reduced,) a gradually increasirig supply of air through 
another channel, that it happened to get a reduced proportion through 
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the particular part of the ohaxmel where the measorementB were taieo^ 
when Mr. Wales made his experiments. 

In the first place, in preparing to make these experiments, as a ehedK 
to the former ones, the gross quantity of air passing in by the ordinary 
intake, after coming through the main reg^tcr at JB, on the accom- 
panying plan, was diTided, as nearly as possible, equally between the 
long and the short splits, by means of the regulator at <7, in the latter; 
and this regulator was then allowed to remain in the same state during 
tiie whole of the time of making the experiments : the main regulator 
at JB, from being wide open at tiie time of equaliang the splits of air, 
was successiYely more and more reduced in area, ia order to 
the quantity of air passing through it, in exactly the same i 
was done in the experiment reported by Mr. Wales; and in thei 
time the air wai simultaneously measured at the entranoe to the long 
split intake, and also in the workings ventilated by that q^t, at a point 
marked iS^ on the plan, where the air-way was angle; and likewise in 
the short split at j51 The following results were obtained, satiafiMUtfily 
confirming the opiniiim expressed by me at page 71 of the imsent Toln^ 
of ''IVansactions,'' and again named at page 77, as mentioped in Mr. 
Greenwell's remarks. 

Eseperimet^ made in the Minor PU,ai Setien ChUieiy^mtheJBiMon 
' Coal Seam, 2lst May, 1869. 
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* * * The results of these experiments can be better seen by reducing the number of 
revolutions at the head of each column to 160, and also reducing each of the numbers 
standing beneath it, in the same column, in the same ratio ; so that they will represent 
the percentages, of the original quantity in each measuring jdaoe, that continues to 
pass ity after reducing the area of the openingp in the main regulator. 
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From tliiB statement we perceive that the per centap:e of the original 
quantity of air passmg through the measuring place at U, in the work- 
ings of the long splits is^ in every instance^ greater than that passing 
through the short split, as we successively reduce the gross quantity. 

An examination of these results plainly shows, that although the pro- 
portion of air passing the measuring place at the outer end of the long 
run became reduced, in comparison with that passing through the short 
split, as the gross quantity reaching the splitting point, itself, became 
less and less in amount ; in the same manner as in the experiment re- 
ported by Mr. Wales, at page 67 of the present volume; yet it proves 
that at the same time, an increMed and not a decreased iproj^Tiioii of air 
traversed the workings ventilated by the long split current, in agreement 
with the result anticipated in the paper under discussion ; the falUng off 
at the outer end of the intake, merely arising from the fact of an in- 
creased quantity of air, passing into these workings through other dban- 
nels, than the one in question, as the main reg^ator at li became more 
and more reduced in area. 

If, in these experiments, we presume each revolution to represent a ve- 
locity in the air of one foot per minute, as they profess, and very nearly 
do, at high velocities, we shall find that only a portion of the air that 
passed the measuring place at O, at the outer end of the long split, 
really traversed the long split workings (a part of it escaping through 
some other channel) even before the experiments were commenced ; for 
on multiplying, 415, the number of revolutions per nunute at 6, by 
15-^^ the area of the place in which the instrument revolved, we obtain 
6,496 cubic feet of air per minute, as the quantity passing through this 
measuring place; and at the same time we have only 898x16=6288 
cubic feet, traversing the warhinge of the long split, as indicated by the 
observations at the measuring place in these workings ; whereas, on re- 
ducing more and more the outward pressure on the channels of escape, 
(by reducing the area of the mainregulator at £,inthe main intake,) we, 
on the other hand, obtain a continually increasing supply of air from 
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these channels, into the workings of the long split; which, by helping to 
increasa tlie resistance of tie air in the long split, naturally prevents the 
otlierwuse due quantity from paasing in by way of the measuring place. 
And it is erident that had the gross quantity been reduced by a regulator 
at Fj in tbe main return, instead of by that at i?j m the main intake, 
Tv^e should have had, on the contraryj a cotttinually increasing proportion 
of air passing through the measuring^ place G^ at the outer end of the 
long split i owing to an increasing proportioii of it escaping by the same 
channels, arising from our thus necessarily increasing the outward pressure 
upon them, m we successively reduced the area of the main regulator 
in the return ; tbe motive column necessary to overcome resistance at ill 
regulators being conserved in tlio air in all the preceding portions of 
its route; but in that case we should have had a continually deereasmg 
proportion of the gross quantity of air in the long split workmgs, as com- 
pared with that in the short split, as we reduced the opening in the maiii 
regulator, as the escaping air would, of course, increase the resistanoo en- 
countered by the rest, as far as it accompanied it in the main intake, and 
leaye a lessened pressure to overcome the resistances of the remainder of 
the route, and thereby lessen the quantity of air trayersing it. 

Anticipating the results just described, a main regulator was placed in 
the main return at J^ and the following series of experiments were made^ 
by gradually closing it, while the short split regulator remained in the 
self-same position as in the experiments just cited. 

JExperiments made in the Minor Pit, at Hetton Colliery, in the Sutton 
Coal Seam, 21st Hay, 1869. 
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* These areas should be coosidered as beins: much larger than those given, oidng^ to 
leakage through the adjoining workings. 8u Plan. 



151 

The main regulator at JR, in the intake, was wide open during the 
time of making the above experiments. 

In this case, on comparing the quantities at G, in the long split intake, 
with those at H, in the short split, we perceive that, in every successive 
reduction of the main regulator, there is a greater proportion of the 
original quantity of air passing into the intake of the long run, (at the 
same point that we had the reduced proportion in the experiments 2, 
3, and 4), in comparison with the proportion that goes into the 
short one, of its original quantity, as was anticipated. 

On looking at the numbers of revolutions at U, in the workings ven- 
tilated by the long split, we perceive a falling off in the proportion of 
air compared with the quantities passing through the short split, in all 
the experiments, as compared with No. 1. 

The results of these experiments may be stated in per centages of the 
original quantities at each of the measiuing places as below : — 
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These results are of a very similar description to those recently ob- 
tained by Mr. Berkley and myself at Crook Bank Colliery, under similar 
conditions and arrangements, there being a good deal of leakage in the 
long split in that case, as in this. We see, however, that in each of the 
other 11 experiments to which I have alluded, the results come out in ac- 
cordance with the conclusions arrived at in the paper in spite of leakage, 
although at least in every experiment that has been given by Mr. Wales 
and myself, as made at the Hetton and Eppleton Collieries, I know that 
leakage existed between the long run and the workings of adjoining col- 
lieries ; and as the short run has in no case been affected by such leak- 
age, and in every instance, except that just named, the main regulator has 
been placed in the main intake, and not in the return, it follows that, to 
the extent of their operation, they have always been made to act against 
Vol. VII-— Junb, 1859. t 
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the long ran maintaining itB proportion atthemeasnringplaeesionrediie- 
ingthegross quantity of air; and^cimseqiienilj, in opposition to tiie qwiom 
held by myself, and in fayonr of that held by my opponenti| but would 
haye had the opposite eflfect in each of the eases, had the obstmotion, or 
main regnlator^bemi placed in the main return. Leakage can only acflfoet 
the question at issue, owing to each split influenced by it> obtaoing aa 
increased share or proportion of its odierwise due quantity of air, in one 
part of its route, and a consequently lessened share or proportion in the 
other part of its route; and it therefbre depends entirely upon tlie dtii* 
ation of the place of measurement, 'in relation to the position of the 
leakages, as to whether it would, in experiments, nppwt in any ease t6 
operate in favour of my own opinion, or that of my opponents ; besides, 
it is evident that leakage might occur in a short, as well as in a long 
run, if the splits were such as were contemplated in the paper, the ordi- 
nary splits in a working pit ; and in addition to this, whicheter spill thej 
occurred in, they could be made to appear to operate in &TOur of either 
the opinion of myself or that of my opponents, whereyer the measuring 
places might be, depending upon whether an obstruction was placed in 
the main intake or in the main return, to reduce the quantity of air. 

But in the eyent of the quantity of air being reduced by the daoksn- 
ing of the furnace, or by a depression in any other ventilating power 
that might be employed, then the leakage existing between the yarious 
splits of air in the same mine would not affect the proportions in which 
the reduced quantity of air would circulate in each part of each epUt into 
which it might be divided ; as they would all be simultaneously and simi- 
larly affected by the resulting change of pressure ; and the effects of 
columns of air of different densities in the various ascending and descend- 
ing parts of the air-ways, as set forth in the paper under discussion, 
would, under ordinary circumstances, in that case, be the only matter 
worthy of notice that would prevail in determining the new proportions 
they would assume, not only on the average, but also in every portion of 
the route of each split. If, however, there was a communication between 
some of the splits and the workings of a distinct pit, the conditions men- 
tioned in the paper would be departed from, and consequently it would 
be unreasonable to anticipate the same results as if they had been com- 
plied with ; and although the paper happens to be perfectly silent in re- 
ference to the effect of leaks in modifying the proportions in which the 
air will divide itself over a series of splits in the same mine (although 
the extracts shew that their effects are not cases in the paper), when the 
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qoantity is redaced by means of obstructions in the general intakes or 
returns, and not by reducing the yentilating pressure, it seems probable 
that in the ordinary conditions of mines, where these effects are small, 
that they would rarely prevent the arrival of the results anticipated in 
the paper, on the assumption of their absence. And it should also be 
borne in mind, that, so far as their effects extend, they are equally liable 
to operate, and ta the same extent, against the common opinion (to the 
effect that it is the relative lengths of the splits that determines the pro- 
portions in which air will divide itself amongst them, when it is reduced 
in amount), as it can possibly be to operate against the opini(m set forth 
in the paper, to the effect that the mere lengths of the splits have 
nothing to do with the question, and that it depends upon whether they 
are rise, dip, or level ones ; so that I am quite at a loss to know how 
their effects can be taken to corroborate the opinion of Mr. Greenwell, as 
that gentleman assumes* 

Mr. Greenwell states that his more particular object in making the 
remarks, however, was to endeavour to show why the practical result is 
at variance with the theoretical opinion ; but as the experiments show 
that there was a much wider field for explanation, on the contrary, as to 
why the practical result, in nine cases out of the ten that I have quoted 
in the outset, is at variance with his own, the popular opinion } as there 
is, at most, but one out of these twelve experiments that has even the 
semblance of being at variance with the opinion advocated in my paper ; 
and that one, to say the very least, has been proved by the recent expe- 
riments I have named, to be just as much at variance with Mr. Green- 
well's opinion as my own, if^ indeed, it be so with either. And as to 
the two remaining cases, where the long split ventilated rise workings, 
there never was any difference of opinion respecting them ; and, there* 
fore, I might have left the matter here, but that I have often heard an- 
opinion expressed to the effect, that the application of theory to consi- 
derations touching the ventilation of mines does no good, but rather 
harm ; and, as I believe that this opinion is as pernicious and erroneous,, 
as it is prevalent, inasmuch as it tends to retard the progress of our 
knowledge of the laws of ventilation ; while, for my own part, notwith- 
standing that I have had a considerable amount and variety of practical 
experience in the matter of the ventilation of mines, yet, I firequently 
find myself greatly assisted in deciding otherwise doubtful points, by 
combining theory, based upon experiments, (as in these papers), along 
with my practical knowledge, and T, therefore, think it worth while 
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extending iheee remarks^ in order to {nrove that those of Mr. Ofeeawell,^ 
in reference to the theory inyolved in these peperSy are founded upon an 
entire miflconoeption of its natore; and that the oonolusions he arrivas al^ 

touching' tliis part of the subject^ are as erroneous as his ideas appear 
to ha?e been respecting^ the general bearing^ of the results of the expe- 
Hments, in reference to the two opinions tliej were made to test. 

Following the course of the remarks, therefore, I next find it stated 
that the writer of them does not think that the observ^ationa on the ex- 
periments, (given atpages GC and 07% contained in page 77 of the pre- 
sent volume of " Transactions/' at all affect the value of the less&n that 
theff teachj because, he states, that *' routes not being level," ** return air 
being at liberty to pass into other workings/' 'Meakage of air, <fec*, <fcc. (?), 
are such occurrences as are constaat in practice, and because fact, as we 
find it, and not iact as it theoretically ought to be, must be our guide." 
I am not aware of what particular lesson is here meant, but the roost 
striking lesson that I gather from the experiments, is one that teaches 
me that the common opinion, advocated by Mr, Greenwell, has been 
eiToneoufi, and that the opposite one, set forth in the first of these papers, 
(at a time when I had a perfect knowledge of the prevalence of the 
former), has been substantially corroboi-ated by such exporiments- 

If, however, the lesson here alluded to, be the necessity of examining 
each spht of air, in the event of a sudden depi*ession of the ventilating 
power, I have satisfactorily shown that, as I have not held any opmion 
to the contrary, and as the experiments I have alladed to, with a single 
exception at most (if it be taken to be such, but I cannot admit it to be 
8o), confirm the views set forth in the paper, such a lesson was, perhaps, 
more needed by those who maintained the opposite and erroneous 
opinion, that, in the event of a sadden depression in the ventilating 
power, the shorter splits would obtain an inci'eased share of the lessened 
gross quantity of air (without reference to their being rise, dip, or level 
ones, or to the prevailing average densities), than by myself. 

It is because Jhcts as they are must be our guide, that I have attri- 
buted the results of the experiments almost solely to the amount of rise 
and dip in the various splits, considered in connection with the relative 
densities of the air in them ; although these causes, in opposition to fact 
as we find it, are ignored by the contrary opinion, in reference to their 
effects on this question. 

I think the results of the experiments made on this subject will be 
found to demonstrate that facts as they were hypothetically thought to 
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be^ and not facts as we find them^ have been the guides in this matter^ 
of those who held the opinion that the mere relative lengths of the splits 
was all that had to do with the question. 

I here pass over the succeeding remarks as to leakages^ as I have 
already said enough on the subject^ and their effects on the question 
here debated; and come at length to the leading subject of these remarks. 
I find it stated that ^^ the present law treats of air as a fluid passing 
along a channel of uniform dimensions, similarly to water or air passing 
along a pipe;" and this position is attacked by the writer of the remarks. 

The assumed position here assailed by Mr. Greenwell is most un- 
doubtedly an untenable one, and must have been surrendered to him, 
had it been held or employed in my papers, which, however, it most 
surely is not. As (owing, I suppose, to some misapprehension) these 
remarks conclude by needlessly protesting against the accuracy of any 
conclusion arrived at by taking an average area of any air-course as a 
basis of calculation of the resistances met with by ventilating currents, 
it may be useful to show what is the actual basis of the conclusions 
arrived at in the papers, and, at the same time, to point out how satis- 
factorily both abstract ideas, and general, and common-place experience, 
in this instance, agree with and confirm the theory obtained by clamfying 
and generalizing the remits of experiments. 

The chief and almost the only positions on which the conclusions con- 
tained in the paper are founded, are the following : — 

1st. — ^That the pressures required to overcome the firictional resistances 
of currents of air, in the irregular air-ways of mines, are proportional to 
the squares of the quantities of air circulating through the same unaltered 
air-ways, in the unit of time. 

Now, although this assumed law happens to be identieal with that 
which Mr. Greenwell himself appears to think prevails in the case of 
pipes having an uniform area and form of section throughout their extent, 
it would be erroneous to suppose that it is merely adopted in these papers 
as being, in consequence of this, also applicable to the irregular air-ways 
of mines. On the contrary, no less than seven diflerent experiments, 
made with no view of maintaining this law, and, therefore, all the more 
reliable in the support they give to it, are set forth in the first of these 
papers, as the reason of its being assumed to prevail in the air-ways of 
mines, having areas and forms of section varying more or less at every 
step ; viz., one at Moorsley pit of North Hetton colliery, two at Belmont 
colliery, two at Castle Eden colliery, made with furnaces, engine fires. 
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and steam jets; and two at Gelly Gare coDleiyj made by a ventnatiiig^ 
machiiie ; all of which ai^ adduced in the paper itself, as indicating ih& 
prevalence of the law in question ; and an 8th experiment is given at 
page 235, voL VI, of the " Transactions'' (made by means of a ventilating- 
machine), the whole of which, with one eiceptioiij where round numbers 
only appear to be employed in stating' the quantities of air (I mean the 
case of Mooraley), give results agreeing within 1 to 3 j per cent of those 
that would have resulted from the preTttlence of the Uw in question ; 
and as even these small variations all occur in the particular direction 
ih^i indicates them to have arisen irom the peculiar increase of resistaBce, 
due, not to the mere requiting- increased quantity of air circulating, but 
to the additional degree of e:ipansion which any increased quantity of 
air, in the same air-ways, necessarily experiences, under the increased 
exhausting power reqtured to put it into circulation ; as is stated in the 
paper itself, and as both theory and these and other experiments alike 
indicate that they ought to do* I avoided encumbering the paper 
with ilia intricate fi^rmidse that would have been required in any 
attempt to demonstrate that the slight deviations of the results of these 
experiments, from the assumed law, were to the precise extent that theory 
indicated^ as they were what X looked upon as small in amount^ consi- 
dering the difficulties that attend the determination of the exact quanti- 
ties of air passing along a gallery in a mine in any given time. But 
really, after all, the tnith of the conclusions arrived at in the paper would 
remain equally valid, if the resistances^ instead of being exactly propor- 
tional to the gqtuires of the quantities of air circulating in the unit of 
time^ through the same unaltered air-ways, were proved to be, in &ct^ 
proportional to any other power or root, whatsoever, of the quantity; a» 
wiU be found if the paper be read, accompanied by the substitution, in it^ 
of any literal sjrmbol (say n) indicating any quantity whatever, in lieu 
of the square (in that case, of course, also using the n th root instead of 
the square root) in the general reasoning contained in it And hence it 
was the less necessary to establish, more nearly than was done in the 
paper, the prevalence of the law in question. Yet I am satisfied, both 
by the experiments I give, and by many others, that it is near enough 
tiie truth for all practical purposes. 

And this flexible premise was, in truth, not stated in the paper to be 
an indisputably established principle ; but was merely put forth as resting 
upon the experiments adduced in support of it, in the paper itself.— See 
pages 165, 166, &c., Vol. VI., " Transactions." 
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As Mr. Greenwell states that he would be of my own opinion if the 
same law prevailed in reference to air passing along the air-ways in 
mines, as obtains in the case of a fluid passing along a channel of uniform 
dimensions (and the above law is the only one that I can imagine to 
have called forth this statement, and, so far as the arguments in the 
paper are concerned, I have shewn that its being the true law is not 
absolutely necessary to the validity of the arguments employed, and 
conclusions arrived at, in the paper) I will, in the sequel, endeavour to 
shew that the theory applicable to uniform pipes, itself indicates, in a 
very high degree, that at least this particular law would be equally 
applicable to diannels having varying and irregular sections; and, 
indeed, that uniform pipes and the irregular air-ways of mines, only 
form two particular cases, each embraced by the same general laws. 

Having, as I think, shewn the futility of the whole of Mr. Greenwell's 
general objections to, and arguments against the opinion advocated in 
the paper, as weU as the unsoundness of the common opinion that they 
are put forth in support of (both by shewing the fiEdlaciousness of the 
reasoning employed in them, and by an appeal to the results of the 
experiments before the meeting) ; Uttle more remains than for me to 
point out the mistaken conclusions arrived at in the example which is 
introduced to illustrate the arguments employed in the remarks. 

Admitting, for the sake of argument, that the general principles 
adopted by Mr. Greenwell in treating the example, are correct, still we 
only have to follow them to their legitiniate conclusion, to find results 
in accordance with the opinion advocated by myself, and at variance 
with that in support of which they are adduced. 

The supposed case is one where there are two connected splits of 
air in a mine ; the short one having to traverse a channel only 100 yards 
in length, and 50 feet in area, but having in it a regulator occupying 
one inch (by its thickness) of the length of the channel ; the opening in it, 
on being so adjusted as to render the currents in the longer split and the 
shorter, exactly equal to each other, being only 1 foot in area. The long 
split is assumed to be 10,000 yards in length, having the same general 
sectional area as the shorter one, of 50 feet, but, in some places, one of 
half that area, or 25 superficial feet When the assumed adjustment of 
the short split regulator is made, 10,000 cubic feet of air per minute, are 
supposed to pass along each of the splits. 

It is stated in the remarks, that, under these conditions, ^^if we double 
the exhausting power, we do not affect the two air-courses equally 3 
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liecause in tlie one case we increase tlie ventilating^ pressure upon an area 

of one square foot^ and in the otlser^ upon twenty-five 5 chec^ed^ in tlie 

former case^ by the friction along 100 yartk of 60 feet area, and along 

one inch of 1 foot area^ and in the other by 10,000 yards, chiefly of bO 

feet areflj bnt in places only 25." And the conchision professedly drawn 

from this J is, that " We, in this case, by increasing the exhausting power, 

crease the quantity circulating through the long division^ in a greater 

tao than tliat passing through the shorter one f a conclusion wMch, I 

bmitj is neither warranted nor supported l)y tiie premises : the legiti- 

ate conclusion being, I imagine, that since it has been assumed that a 

mmon exhausting power or ventilating pressure was required to operate 

upon on area in the long nm^ greater than that operated upon, by it^ in 

the short run, in tlie proportion of S6 to 1, in order that equal quantitiee 

of air might pass through them, in a given time, in the first instance j it 

follows that, if we allow the air-wap to remain in the same state, equal 

quantities will continue to pass through the splits, however we may 

increase or decrease the always common ventilating pressure; because 

whatever may be its amount, it will always continue to ojierate upon an 

area in the long run, greater than that operated upon, by it, in the short 

run, in the very same proportion as at first, when we have presumed the 

quantities to have been equal. 

Mr, Greenwell's own premises inevitably lead to, and necessitate this 
conclusion, if the quantity of air circulating in the unit of time, through 
any unaltered air-way^ is proportional to any root or power of the pares- 
sure required to put it into circulation ; whatever that root or power may 
happen to be (omitting, as Mr. Oreenwell himself has done^ to notice 
here^ any effect due to changes of density in the air); and it is by no 
means necessary that this proportion should be the square root^ in order 
to establish this conclusion ; a conclusion directly at variance witli that 
which Mr. Greenwell has, by some wrong inference, professed to draw 
from the same premises ; the true conclusion being in accordance with the 
arguments employed in my paper; and directly opposed to the common 
and contrary opinion, the example was intended to have supported. 

The fallacy; in this case, is similar to one that a person would be fiJling 
into, if, having an engine of one-horse power, drawing a load of one ton, 
at a given speed ; and another engine of twenty-five-horse power, drawing 
a load of twenty-five tons, at the same speed; he should imagine that by 
exactly doubling the power of each of these engines, he would thereby 
increase the speed of the load of twenty-five tons, drawn by the larger 
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one, in some higher ratio than he would increase the speed of the load of 
one ton, drawn by the smaller one, heeofuse he had added more power to 
the fermer than to the latter. 

Without wishing to give any countenance to this somewhat imperfect 
mode of dealing with the general question, it will be found to give 
exactly similar results whether we employ it in considering the pressure as 
distributed over the largest, smallest, or any other intermediate sectional 
area, occurring in any part of either, or both of the splits. 

It is proper that I should here add, that the simultaneous velocities of 
the air passing along a gallery or split in a mine, must, sensibly, vary in 
the same proportion as the quantity of air passing through it, in the unit 
of time; inasmuch as the same quantity of air must pass over all the dif- 
ferent sections (however great or small they may be) in the same time : 
every velocity, therefore, varies sensibly in the same ratio as every other 
velocity in the same air-way ; and the first of the laws, as to pressure 
and resistances, being proportional to some root or power of the velocity, 
and, therefore, of the quantity of air passing in a given time, may be 
taken, thus fer, as being intended of all or any of the velocities that 
happen to arise firom the difierent areas of the sections of the air-ways of 
amine. 

I will next endeavour to show that the theoiy applicable to fluids 
flowing through pipes of uniform section, is of such a character as to ren- 
der it, at leasts highly probable that the velocities of air passing, in a 
given time, through any air-way, are, in each and every part of the same 
air-way, sensibly proportional to the square roots of the retUtanees en- 
countered by it; and, therefore, oho to the square roots of what is but a 
measure of such resistances — the preeefuree putting the air into circular 
turn; as they doubtless are, at the same time, sensibly proportional to 
the quantities of air passing in the unit of time. I have previously stated 
that the truth of the conclusions in the paper does not depend upon the 
establishment of this point 

And I merely do this, as an endeavour to remove an erroneous popular 
opinion, that attributes an evil influence to theory, which, in my humble 
opinion, it is firee firom. 

The theory of the matter is to the efhct that, in all cases, the gross 
preseure required to overcome the reeietanee of a fluid moving along a 
pipe of uniform dimensions is, ctBterie paribus, directly proportional — 

1st, lb the rubbing surface of the moving column of air. In a 
channel of uniform section, this sur&ce is found by multiplying its 
YoL. YII.— JuNx, 1869. s 
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length by the perimeter of its section. And when we reflect that the 
pressure exerted by the moving air is generally about the same on every 
unit of surfece exposed by it, we must conclude that this law is at least 
what might have been expected* 

2nd, The gross pressure is similarly proportional to the square of the 
velocity of the air in the pipe. And when we consider that not only is 
the number of particles of air that pass through the pipe in each moment 
of time (and so encounter the resistances offered by it) directly propor- 
tional to the velocity; but also, in addition, that the particular velocity, 
a-nd hence the momentum, with which each particle encounters these 
resistances, also varies in the same proportion; it seems to be but 
reasonable to conclude that the gross pressure required to overcome the 
resistance should, from these two circumstances, be proportional^ not 
simply to the velocity itself, but to its square ; as, on doubling the velo- 
city, the particles of air fly with double their original momentum ; and, 
in addition to this, twice the number of particles encounter obstacles 
each moment of time ; making, together, a fourfold increase^ for a double 
quantity, and so on for any other increase of quantity — ^as its square. 

8rd, In uniform pipes the gross pressure required is the same, what- 
ever may be the area of the section^ other things being constant ; and, as 
a consequence, the pressure per unit of sur&ce, or the head of motive 
column, must be less in the same ratio that this area is greater ; and 
must, on the other hand, be greater as this area is less : that is to say, it 
must vary inversely as the area of the section, in order to give rise to 
the same amount of gross pressure applicable to the resistances ; just as 
we obtain the same moving force by doubling the pressure on the piston 
of an engine, if, at the same time, we reduce its area to one-half, and 
vice versa. 

The above are all the matters that enter into the theory of air passing 
along pipes of uniform section, if we omit to notice the effects of changes 
of density, and the pressures required to generate velocity, which are 
not matters that require our notice at this place. 

Now, if we admit these laws as prevailing to the extent necessary to 
satisfy the ordinary requirements of practice, and I believe Mr. Green- 
well himself does so; then, on considering the case of a number of pipes 
of different lengths, each having a uniform but different area of section, 
joined together, end to end, we must of necessity allow that, since the 
pressures required to overcome the resistances of each, are proportional, 
ccDteris paribus, to the squares of the quantities of air passing through 
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them in the unit of time, so also must be the pressure required to over- 
come the sum of their resistances, as presented by them, when united 
together in the manner just described ; unless, indeed, their union gives 
rise to new resistances (or does away with some of the sources of resist- 
ance presented by them in their separate state), varying in their amount 
after a different law fipom that embracing their resistances when separate. 

And, if we admit, as has been assumed, that the rubbing surfaces, 
multiplied by the squares of the velocities of the air are the true elements 
of the theory (as numerous and varied experiments appear to indicate)^ 
then it is natural to suppose, that however different, and multiplied in 
number, may be the forms, sizes, and areas of the sections presented by 
the different parts of an air-way in a mine, still (so long as it remains in 
the same state), whatever may be the altered quantity of air forced 
through it in a given time, the form and dimensions of the section of the 
air in motion, in each particular part of such air-way, and therefore the 
rubhtn/f eurface presented hy it, will, on the whole, remain sensibly the 
same, notwithstanding any alteration in velocities. The velocity over 
each section increasing or decreasing in direct proportion to the quantity 
of air passing through it in the unit of time. And, if this be the case, 
we are led by these theoretical considerations to the same conclusions as 
those indicated by the experiments quoted in the paper under discussion; 
to the effect that the pressure required to overcome the resistances, of 
even the irregfular air-ways of mines, are very nearly, if not accurately, 
proportional to the square of the quantity of air passing through them 
in the unit of time. In dismissing these remarks I would just state, in 
addition, that both theory and experiment indicate that the pressures due 
to the generation of velocities (considered apart from frictional resist- 
ances), are, ctstms paribus, proportional to the squares^of the velocities 
themselves, and therefore vary in the same praportian as the other resist- 
ances already mentioned. 

I would next proceed, in a more explicit manner, to correct an error, 
fallen into by the late Mr. Wales, at page 71 of the present volume of 
" Transactions," and corrected by myself at page 77, in the same day's 
discussion ; my reason for wishing to make this matter more plain is, 
that I have good reason to think that a few persons fail to understand 
and appreciate the explanation already given, at the place mentioned 
above. 

Notwithstanding that so long as the same causes continue to operate, 
in other respects, it follows, as a matter of course, that the very contrary 
results must ensue from increasing the gross quantity of air to those 
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that result from reducing it ; I took the pains to state, in the paper, in 
80 many words, that ^^ of course the opposite effects would, in each of 
the conditions stated, take place, on ifkrearing instead of diminiikbig 
the gross quantity of air circulating, while the air-ways forming the 
splits, and the regulators in them remained unaltered; yet, after all, 
since these results have been found to come out in the experiments, they 
have been repeatedly urged to myself, as arguments against the oondu- 
sions arrived at in the paper; and hence my wish to make the matter 
clear and intelligible, by once more explaining it. 

For this purpose let us just take the results of what are termed No. I. 
set of experiments at Elemore colliery, an account of which are given at 
page 66 of the present volume, but which series, nevertheless, consists 
of two distinct sets, for all the purposes for which they were instituted; 
inasmuch as the short split regulator was altered between No. 5 and 6 
of the series. 

In this instance, the quantities of air in the long and short splits were 
equalized by means of the short run regulator in No. 1, and the gross 
quantity was gradually more and more reduced in Nos. 2, 3, 4, and 6 
experiments. 

Again, the quantities of air in the two splits were equalized in No. 6 
experiment by altering the short split regulator, and the gross quantities 
were successively increased by means of the main regulator. 

In order to see that the changes in each case were in the same direction, 
as to proportions, we have only to place the two sets in juxtaposition, 
giving precedence, in each instance, to the largest quantities, and to the 
next least in succession. 
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But in order to render the matter more clear still, let us reduce the 
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first number of revolutions^ in each of these two sets of experiments, and 
in each of the respective splits, to 100, and see the per centage of such 
revolutions performed in the same splits, in each case, as the gross qoan- 
tily of air becomes reduced in amount; in this way we obtain— 
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From which we clearly perceive that, in each of these sets of experi- 
ments, in every instance the short split obtains a larger share or propor- 
tion of the gross quantity circulating, as such gross quantity itself 
becomes less and less in amount 

This result is of the precise nature that was anticipated in the first of 
the papers named in the title of this article, inasmuch as in this case 
the long split had a considerable rise, the short one being sensibly level, 
while the ordinary conditions of the averaged temperature of the air being 
higher than that of the intakes also prevailed. 

What has been stated may serve to shew how the results of experi- 
ments that have, by some, been supposed to exhibit a mysterious disa>rd- 
ancy, even amongst each other, are, after all, perfectly congruous; and, 
at the same time, in harmony with the results anticipated in the papers. 

A few persons who are really interested in the general question, dis- 
cussed in the first of the two papers alluded to in the title of the present 
article, firom a lack of mathematical knowledge, have found a difficulty of 
following the reasoning contained in the paper itself; and I therefore 
think it worth while exhibiting in a more popular style, and without 
employing algebraical symbols, how constantpressures, operating against the 
ventilating pressure in rise, and in fiivour of it in dip ways, happen to 
cause the split with the greatest amount of rise, to obtain a lessened, and 
that having the greatest amount of dip, to obtain an increased, share or 
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proportioii of the gross quantity of air^ as it becomes reduced in amount; 
and^ on the other hand^ why the very reverse of these alterations in the 
proportions come round, under similar conditions, when the gross quan- 
tity of air is increased instead of being diminish^ in amount, while the 
air-ways forming the splits remain in the same state— when the air of 
the returns happens to be lighter than that of the intakes, either from 
having a higher average temperature, or from any other cause ; — ^from 
which it will be easy to perceive why the opposite results should ensue, 
in the event of the air of the returns being denser than that of the intakes. 
Let us suppose that the general ventilating pressure applicable to the air- 
ways of the splits, is i*epresented by 100 when the quantities going to the 
rise and dip spUts are equal to each other; and that 10 represents the 
constant pressure (arising from the air in the returns being less dense than 
that in the intakes), operating against the general ventilating pressure in 
the rise spht; and that the same number represents the pressure, arising 
from the same cause, operating in aid of the general ventilating pressure in 
the dip one, at the same time ; we should then have an efifectual pressure of 
100—10=90 in the rise spUt ; and one of 100+10=110 in the dip split; 
indicating that the specific resistance of the air- ways in the rise spUt are 
less than that of those in the dip one, in the ratio of 90 in the former, to 
110 in the latter ; seeing that equal quantities of air are passing through 
them, when these pressures are required to overcome the resistances. 

On decreasing the general ventilating pressure applicable to the splits, 
from 100 to 50, we should have an effectual pressure of 50—10=40, in 
the rise split; and an effectual pressure of 50+10=60, in the dip one ; 
and on further reducing tliis general ventilating pressure applicable to 
the splits, from 50 to 10, we should Lave no effectual pressure at all in 
the rise split, because 10—10=0 ; while there would still be one of 
10+10=20, in the dip one ; or upwards of 18 per cent, of its amount, 
when the quantities were equal in the two splits ; and, as the quantity 
of air decreases at a much slower rate of progression than the effectual 
pressure, we should continue to have upwards of 40 per cent of the origi- 
nal quantity of air in the dip split, when tliat in the rise one was 
brought to a stand-still, in this case : where I have assumed the original 
constant pressures in each, to be equal to -jJ^th, or 10 per cent, of the 
general ventilating pressure, appUcable, alike, to each of the splits, at the 
time when the quantities of air were assumed to be the same in each. 

It is evident that if we further reduced the general ventilating pressure, 
say to 5, we shoidd, in the dip split, have an effectual pressure of 
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10+6=15, accompanied, howeyer, by a negatice pressure of 5~10a 
—5 in the long split; and this means a pressure of 5 in the opposite 
direction; which ought, therefore, to cause the air in the rise split intake 
to be reversed, and come outwards and join the fresh air (coming through 
the main intake), at what had previouslj been the splitting point, and 
accompany it in traversing the route or the dip split ; a result that I 
have repeatedly witnessed during the course of making the experiments 
on the subject under our notice. I have also seen the constant pressure 
of dip splits exceed the reduced amount of the general ventilating pres- 
sure, applicable to the splits, and so force the return air out of the long 
dip split return, from the original point of reUnion to the original splitting 
point, where it joined the fi^h air coming into, and accompanied it in 
its course in traversing the workings forming the long split (thus forming, 
in each case, an eddy), notwithstanding the long split being very long, 
and the short one, on the contrary, very short. 

These results are, under the conditions set forth in the paper, such as 
were to be expected, only so long as the conditions as to the densities of 
the air in the original intakes and returns should continue to prevail, 
and are evidently merely temporary ; inasmuch as the return air must, 
when the reversal takes place, gradually be forced back into the intake, 
and in the course of time alter the relative densities previously prevailing 
in the intake and the return respectively ; and that^ to such an extent, as 
ultimately to bring the eddy to a stand-still; after which the tempera- 
tures and densities in the intakes and returns would slowly approximate 
towards equality, and hence these local pressures would gradually become 
reduced in their amoimt, and allow the general ventilating pressure to 
re-establish a current in each of the splits, in the original direction taken 
by the currents of such splits. 

Where the split is a long one, this re-establishment of currents, in the 
directions pursued by the original ones, is a long time in coming to pass ; 
and in none of these experiments has it been allowed to come aroimd, 
for want of the necessary time. 

If we next suppose the general ventilating pressure applied to the 
splits (only) to become greater instead of smaller, than it was when the 
quantities in the two splits were regulated so as to be equal to each 
other, we obtain results of the opposite class to those already named — 
that split which, on reducing this pressure, obtained an increasing share 
of effectual pressure (in the former case) now obtaining a decreasing one. 
For instance, if the general ventilating pressure applied to the splits be 
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increased sucoessiTely above the point at which the quantitieB were eqoali 
in the very same proportions that we have already conceived them to be 
reduced below that pointy we find that^ when the general pressure be- 
comes 200, the eflSsctive pressure in the rise split becomes 200—10=190, 
and in the dip one 200+10=210; when it becomes 1,000, the e£B9Ctual 
pressure in the rise split is 1,000 — 10 = 990, and in the dip one 
1,000 + 10 = 1,010; and when it becomes 2,000, the efiectual pres- 
sure in the rise split becomes 2,000 — 10 = 1,990, and in the dip one 
2,010; the same split that, on inereannff the general pressure, got a 
continually inerearinff share or proportion of efiectual pressure, in com- 
parison with what it had when the quantities of air were regulated so as 
to be equal in each split, now, on the other hand, obtains a decreamg 
proportion, and that which then got a decreasing, now gets an increasing 
one. 
The results are stated in the Mowing table : — 
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On looking at the case where the quantities of air circulating, were 
equal to each other, in the above table ; and then, first upwards, and 
afterwards downwards, from that point; it will be seen that the rise split 
gets a continually increasing, and the dip one a continually decreasing, 
efiectual pressure, in comparison with each other, as we proceed upwards ; 
and that, on the other hand, the rise split obtains a continually 
diminishing, and the dip one an increasing, efiectual pressure, as we 
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glance downwards firom the same pointy making a similar comparison ; 
the actual quantities of air^ given by the experiments^ at pages 66 and 67 
of the present volume of ^' Transactions^" follow the same laws in general; 
as was predicted in the paper on the proportions in which air will divide 
itself over different splits under different ventilating pressures : notwith- 
standing the fiict that this very result has been urged as a proof of a 
want of correctness in the conclusions arrived at in the paper. See 
present volume of "Transactions/' page 71. 

If we presume the squares of the quantities of air circulating in each 
of the splits, in any unit of time, to have been directly proportional to 
the effectual pressures putting them into circulation, and at the same 
time, inversely proportional to the resistances offered by the respective 
splits to the circulation of a given quantify of air in any imit of time ; 
then, the quantities of air circulating in each of the splits, under the dif- 
ferent pressures exhibited in the above table, would have been proportional 
to the numbers contained in the following table : — 
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• This quantity of air would be coming^ outwards in the long split intake, and would 
unite with 1,237 of fresh air, from the main intake ; and, with it, trayerse the route of 
che short run, so long as the conditions assumed continued to prevail. 
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PROPOSED COLLEGE 



OF 



MINING, ENGINEERING, AND MANUFACTURING 

SCIENCE. 



The Prbsidbitt then stated^ he had great pleasure in bringing before 
them some proceedings regarding the establishment of the proposed 
Mining and Engineering College. The members of the Institute would 
recollect that, in the first instance, it was proposed that the College 
should be erected in Newcastle-upon-Tjne; or some other suitable locality, 
and that it should be an entirely independent institution, unconnected 
with any existing establishment, and erected, endowed, and supported bj 
subscriptions and donors; and they would likewise recollect the munifi- 
eent proposition which his Grace the Duke of Northumberland had made 
for the endowment of such a College. The committee appointed for the 
purpose of promoting its establishment had appealed to the Coal Trade 
generally, to the noblemen and gentlemen individually connected with, 
and interested, both locally and generally, in such trade, and also ta 
those noblemen and gentlemen who were otherwise connected with the 
two counties of Northumberland and Durham, and they had likewise 
appealed to the manufacturing and commercial interests of the district ; 
but they regretted that they were -obliged to arrive at the conclusion, 
that it was hopeless to expect to be able to raise the necesssry funds U> 
establish, endow, and support a College of an entirely independent 
character, and unconnected with any other institution. 

The committee then turned their attention to the University of Dur- 
ham, and made inquiries if it were practicable to engraft upon that Uni- 
versity the proposed College, which, though connected with that insti- 
tution, should at the same time be of a purely practical nature, and 
which should be under the management and control of a council elected 
by the body of subscribers, and by the Mining, Engineering, and Manu- 
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facturing interests^ Ly whom it was supported ; and the members would 
recollect that at the meeting of the Mining Institute of August last^ and 
recorded in the proceedings at page 200, vol. VL of the "Transactions," 
some correspondence with the University on the subject was laid before 
them. Since that period meetings have been held with the authorities 
of the University ; and he had now the pleasure of laying before the 
Institute a report of the College Committee, which embodied propositions 
for the establishment of the proposed Mining and Engineering College 
in connection with the University of Durham. 



REPORT OF COMMITTEE. 



Mining Institute Rooms, Newcastle, May 20, 1859. 

The Committee for the establishment of a Mining College have to 
report that, in pursuance with the course agreed to be adopted, they 
have very fully brought the subject before the Coal Trade of Durham 
and Northumberland, as well as that of the kingdom at large. 

While several lessors and lessees of mines have very liberally offered 
their support to the proposed measure, it must be admitted that the 
amount of encouragement received by the committee does not offer, on 
the whole, a prospect of the successful erection and endowment of so 
desirable an institution in a separate form. 

Under these circumstances the committee, anxious to carry out the 
object for which they were appointed, and acting under the authority 
and with the advice of the Mining Institute, to whom the various pro- 
ceedings have from time to time been fully explained, have endeavoured 
to realise by means of an existing establishment those great objects which 
they doubt not will be fully appreciated by the Mining interest as soon 
as their practical and economical results in the improvement of Mining 
operations^ and also in diminishing the waste of life, come to be imder- 
stood and developed. 

The Institution referred to is the University of Durham, the authori- 
ties of which have shewn great willingness to meet the views of the 
Committee. 

In the several interviews which have been held with them, the follow- 
ing heads for the establishment of a Mining College within the precincts 
of the University have been provisionally arranged : — 

" Durham, Feb. 16, 1859. 

'' Heads of a ])rovisional arrangement for the establishment of a 
Mining and Engineering College, as agreed to by the Warden and 
Senate of the University of Durham. 
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** 1. A College of Mining and Engineering shall be established at 

Durham^ in connection with the University of Durham. 
*' 2, The College shall be managed by a council^ consisting of a 
Principal; the Professors who giro Lectures in this department^ 
and a number of persons not exceeding three, nominated by 
the subscribers towards the funds of the Institution. 
"3. The University of Durham shall provide two Professors, 
namely : — 

*^1. The Professor of Mathematics. 
"2. A Professor of Natural Philosophy and Applied 
Mechanics. 
''The Mining and Engineering College shall provide three 
Professors, viz. . — 

" 1. Of Mineralogy, Geology, and Working Mines. 
*'2. Of Chemistry, 

" 3. Of Plan Drawing, Levelling, Surveying, and Practical 
Engineering. 
" The three last-named Professors shall be nominated by the 
Mining and Engineering College, and shall be approved 
by Convocation. 
" All the Professors shall be Officers both of the University 
and of the Mining and Engineering College. 
*' 4. The Principal shall be nominated by the Mining College, and 
approved by convocation, and may or may not be one of the 
Professors. 
" 5. The Principal shall be cliarjjed with the superintendence of 
the students, imless tliey are members of some College, Hall, or 
house in the Univei*sity ; and, together with the council of the 
College, shall arrange the various lectures to be delivered. 
'* 6. Lecture Rooms shall bo provided by the University for tbe 
five Professors. Chemical Laboratories and Workshops, if 
necessary', shall be provided by tlie Mining and Engineering 
College. 
** 7. Students in Mining and Civil Engineering shall be of two classes, 
matriculated and non-matriculated ; matriculated students 
shall reside in some College, Hall, or House licensed for that 
purpose by the University. 

"Non-matriculated students,if not resident with their parents, 
«hall reside in lodging-houses licensed by the Principal of the 
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Mining CoUeg^^ and approved by convocation; or^ in special 
cases^ with the consent of their parents^ in such other houses as 
the Principal may approve. 

** 8. Matriculated students shall he admissible to the academical 
rank of Mining Engineer and Civil Engineer according to the 
regulations passed in January^ 1855. 

'^ Non-matriculated students shall be admissible to such title 
of distinction as shall be agreed upon by the University and 
the Mining and Engineering College. 

'^ All students who attend only a part of the course of study 
shall receive certificates of competency in those subjects in 
which they have passed the requisite examinations. 

'' 0. Instruction shall be provided for increasing the usefulness of 
Schoolmasters in the Mining Districts. 

*' 10. Arrangements shall be madc; if possible^ for enabling the 
students to inspect Mines and obtain instruction in practical 
work, 

'* 11. All non-matriculated students shall be subject to such dis- 
cipline as shall be determined by the University and the 
Mining and Engineering College. 

'^ 12. Every matriculated student shall pay an admission fee of £2, 
and a terminal fee of £5. The admission fee shall be divided 
equally between the University and the Mining and Engi- 
neering College. The terminal fee shall be divided^ two-fifths 
to the University and three-fifths to the Mining and Engi- 
neering College. 

'^ The fees thus paid shall entitle any Mining or Engineering 
Student to attend, with the consent of the Lecturer^ any 
lecture given in the University^ and in like manner the fees 
paid by Students in Art or other faculties in the University 
shall entitle them to attend, with the consent of the Lecturer, 
any lectures given by Professors of the Mining and Engi- 
neering College. 

'' Non-matriculated students shall pay fees according to the 
lectures which they attend. Civil and Mining Engineers, 
Under- Viewers, Overlookers of Mines, and Manufacturers, and 
other persons desirous of attending any course or courses of 
lectures, shall be admissible, with the consent of the respective 
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Lecturers, on the payment of such fees as shall be from time 
to time determined by the council of the Mining and Engi- 
neering College. 
" 13. The fees received either by the University or by the Mining 
and Engineering College shall be applied partly to the payment 
of the Lecturer, and partly to general purposes connected 
with Civil Engineering and Mining." 
It will be seen from the foregoing minute that the Mining and Engi- 
neering College, though intended to be locally situated within the 
University, is yet to be conducted upon independent principles, and to 
be managed by its own governing body. 

With regard to the endowment of the proposed College, the authorities 
of the University of Durham, while they offer the gratuitous accommo- 
dation of Lecture Rooms, thus saving the large outlay that would be 
required for a separate building, have yet no power to divert their funds 
iirom the purposes to which they were originally appropriated. They 
have, however, agreed to pay the salaries of two of the Professors, on 
the ground of their services being useful to both institutions. Beyond 
this the Committee entertain a confident hope that the Mining interest 
will contribute towards the permanent endowment of the proposed Col- 
lege, and have also reason to believe that Government are favourable to 
the project. 

The Committee therefore, approving of the foregoing provisional 
arrangement, deem it advisable to appoint a Sub- Committee, consisting 
of Messrs. N. Wood, T. J. Taylor, and I. L. Bell, and request those 
gentlemen to confer with the authorities of the University of Durham, 
and also to bring the project under the notice of Government, and to 
take such other preliminary steps as shall in their judgment be expedient 
or necessary for the successful establishment of the proposed College, 
reporting the result of their labours as early as they conveniently can to 
this general Committee. 

NICHOLAS WOOD, Chairman. 

The President — The members of the Institute would perceive from 
the foregoing outline of the proposed arrangements that the independence 
of the Mining and Engineering College has been strictly adhered to ; 
that the principle on which it is proposed to be established is of a purely 
practical character , and, that its management is to be entirely in the 
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eontroi of its own supporters, subject only to those regulations which are 
necessary between a College and a University, in order to provide for 
the requisite discipline, and to render the whole as perfect a seminary 
for the instruction of Mining and Civil Engineers, and others intended for 
manufacturing pursuits, as possible. 

The objects of the proposed College has been set forth in detail in 
the various proceedings of the committee, from time to time, and have 
been embodied in the Transactions of the Institute, and also in the shape 
of separate pamphlets which have been published ; it would, therefor*, 
be superfluous in me to trouble you with many observations on this 
occasion. If you think it advisable to adopt the recommendation of the 
committee, and to sanction the appointment of the sub-committee, those 
gentlemen will no doubt take immediate stepd to confer with the authori- 
ties of the University, and with the Government, and other persons, who 
may give their aid in the establishment of so important an institution. 
Looking at the manner in which the authorities of the University of 
Durham have met the subject, there can be no apprehension that any 
difficulty will exist in the requisite details for completing the arrange- 
ment between the University and the promoter of the College : — the only 
difficulty which presents itself is, that of funds, — for the erection of such 
buildings as are not proposed to be provided by the University — for the 
annual payment of Professors^ — and for the cun*ent expenses of the 
establishment; — to that object the sUb-conmiittee will first of all have to 
devote their attention ; and, taking into consideration the importance of 
such an institution, it is to be hoped they will be successful. It is to 
be trusted, likewise, that when something of a practical nature is laid 
before them, the lessors of the vast coal mining districts of Northum- 
berland and Durham, and of their lessees (who are more immediately 
connected with the benefits likely to arise from such an institution), 
will contribute towards the requisite funds. The Government, it is 
trusted, will likewise see the propriety of appropriating some grant 
towards the establishment of an institution which will, unquestionably, 
more than any other, contribute towards efficiency in the management of 
mines, and towards the more important object of saving of life, for the 
promotion of which an annual expenditure of upwards of £12,000 is 
contributed in the shape of allowances to the Inspectors of Mines. Those 
beneficent feelings, also, which induced his Grace the Duke of North- 
umberland to make such a munificent proposition for the endowment of 
a College at Newcastle, may, it is trusted, if the Institution of Durham 

YOL. yiI/-JUNB, 1859. BB 
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be established to the satisfaction of his Grace, be transferred to the pro- 
motion of the Institution in that locality ; and we may hkewis© venture 
to hope that some of the funds, exbibitioBs, Ac-, of the University of 
Durham maj, with the permission of Parliament, be appropriated t-owards 
the support of a College m that University, 

There is only one other subject connected with the establishment of 
the proposed College whioh I think it necessary at this time to mention, 
and which though, in mj opmion, of great importanoe towards the 
utility and efficacy of the institution, is only slightly noticed in the 
minutes of the proposed arrangements, and which is, the establishmenl 
of Schools in oonneotion with the College in the di^erent mining distncts^ 
and the training of Schoolmasters in the College for such schools^ It 
has been suggested that Schools might be established in the difi*erent 
coIUery disti-icts of the kingdom, and that at such schools instruction 
adapted to the education of boys intended as Managers of Mines, or for 
Engioeering or Manufacturing pursuits, should be given — that sucli 
schools should be in connection with the proposed College— that they 
aliould be, in fact, as it were, preparatory schools for pnpOs to be seat to 
the proposed College, and who should, on being sent to the College, have 
some privileges granted to them ; and that schoolmasters educated and 
prepared at the College for such a course of education as would he 
suitable for the pupils to be sent to the Collegei would be peculiarly 
adapted as teachers for such schools. There would then he a system of 
preparatory schools in the several districts for such College, and those 
schools being presided over by masters trained at the College, the prac* 
tical result would be, that a system of Mining and Engineering instruct 
tion would be taught at such schools as would be of infinite advantage 
to the rising generation in those localities, and to those who were 
intended to conduct the Mining operations at a future time. The great 
bulk of the pupils of such schools would probably acquire fiill and 
complete instruction, for the several gradations of duties with which 
they might thereafter be entrusted, and it is very probable that very 
few of the pupils would aspire to the additional knowledge to be 
acquired at the College. The system would, however, admit of any 
number being sent, and, as I have already named, would present 
inducements for their entering upon a College instruction. But the 
great utility of such a system would be, that it would embrace the 
education of all classes and grades of Mining and Engineering students, 
fron^ the highest and n^ost efficient iiustruction which an University would 
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afford, to that of a local Bohool peculiarly and exclusively devoted to 
the education (and at the cheapest rate) of the lowest grade of Colliery 
Manager; Civil Engineer, or Manufacturing pupil. 

A discussion then took place on the several heads of arrangement pro*- 
posed to be made with the University of Durham, and several practical 
suggestions were made ; these, however, having subsequently been sub- 
mitted to the authorities of the University, and agreed to by them, have 
been embodied in the preceding document. 

The President then put a resolution that the subi'Conmiittee named 
by the committee be appointed, and that they should be desired to 
carry into effect the recommendation of the committee with as little 
delay as possible ; which was carried unanimously. 

The meeting then adjoumec}. 
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ANNIVERSARY MEETING, THURSDAY, AUGUST 4, 1859, IN f^E ROOMS OP 
THE INSriTUTE, WESTGATE STREET, NEWCASTLE-UPO^-TYNE, 



NicnoLAS Wood, Esq., President of the Institute, in the Chair. 



The proceedings of the Council having been read, 

The following gentleman was elected a member of the Institute : — 
Mr, Robt. T. Rees, Lothy Shenkin Colliery, Aberdare, Glamorganshire. 

The President then said they would take the resolutions of the 
Council, recommended to be considered at the general meeting first in 
rotation, and stated they would perceive that Mr. T. T. Hall had made 
a claim of £189 19s. 6d. for diagrams and illustrations to his papers, 
and that the Council had referred the claim to the general meeting for 
consideration. After a protracted discussion on this claim, from which 
it appeared Mr. Hall had incurred this amoimt of expence in the illus- 
trations to his paper, while, on the other hand, no orders or authority 
had been given by the Council for the payment, it was ultimately arranged 
that the matter should be referred back to the Council, with power for them 
to arrange with Mr. Hall as they might deem expedient, and in accordance 
with the rules of the Institute ; and the following resolution, proposed 
by Mr. Potter, and seconded by Mr. Beid, was passed imanimously, 
with the concurrence of Mr. Hall : — 

** That the olaim of Mr. T. Y. Hall be again referred to the Council for arrangement, 
it being understood that Mr. Hall is willing to leave the settlement thereof to the 
Council." 

The Council having reported that vol. I. was out of print, and that it 
Vol. VII.— August, 1859. cc 
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was desirable that 200 additional copies be printed ; and that^ in their 
opinion, it was desirable that an increase in the number of copies printed 
annually of the proceedings of the Institute be made. 

It WM Betohed-^ That 200 additioiua copies of toI. L be printed; and that 
600 oopies of the « Traaaaotioiur' he printed in fotore, instead of 530 oop&es aa 
heretofere." 

A discussion then arose as to a portion of the Vice-Presidents being 
inek'gible for re-election^ in accordance with a resolution passed at the 
last annual meeting of the Institute, when 

It woi RttoheA^* That the resoludon at the last annual meeting, of theineHgifaiUtj 
of some of the Yioe-FMsidents for re-deotion at this meeting, he postponed vntil the 
next annual meeting of the Institute." 

Attention was directed by the President to a resolution at the last 
annual meeting of a catalogue of the books and specimens belonging to 
the Institute, which, it appears, had not been accomplished. 

It was therrfan Betolved^" That the Council prepare a oatidogne of the books and 
other property bdonging to the Institute, in time to he printed w|th the next yeai^s 
proceedings." 

The resolution of the last annual meeting that a copy of the rules, 
together with any modifications therein made at the different meetings 
of the Institute, be made out by the Council, and printed with the 
proceedings was continued. 

Mr. Reid then stated that the printing of the additional copies of 
Mr. Wales's paper had cost £71 5s., and that copies had only been sold 
to the amount of £42 10s. 6d., leaving a balance of £28 14s. 6d. against 
the funds of the Institute. 

The President said the only way in which the deficiency could be 
fairly met, except by the funds of the Institute, would be by the coal 
trade subscribing to that amount to the Institute. The additional copies 
of that paper were printed for express distribution amongst the members 
of the trade^ and was, therefore^ exclusively for its benefit; and he 
believed that no paper had issued from the Institute of more practical 
utility than that paper, especially to those practically engaged in the 
management of mines. As they were honoured with the presence of the 
Chairman of the Coal Trade of Northumberland and Durham, he hoped 
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that gentleman would recommend the trade to contribute at least that 
amount to the funds of the Institute, which would he received as a proof 
of the support of the trade to the Institute. 

The report of the Finance Committee and the Annual Report of the 
Council were read; adopted; and ordered to be printed with the annual 
proceedings. 

The President then brought before the meeting a circular on a 
testimonial proposed to be presented to Mr. Hunt; of the Museum of 
Plractical Geology, in Jermyn Street, for his valuable services in the 
preparation of the annual statistical returns of the production of mines, 
&c.f when, after several remarks by different members of the Institute 
pointing out the value to the coal, tead, copper, tin, <&c., trades of such 
statistics, the following resolution was passed :— 

"That the sam of £10 lOs. be sabscribed towarcU the Hunt Testimonial, as a proof 
of the approbation of the Institate of his raluable and laborious servioes in preparing 
the annual mineral statistioal returns, vhieh are so useful to the mineral interests of the^ 
kingdom." 

Mr. Daqlish having presented a book of photographic prints of col- 
lieries, machinery, <fi;c., to the Institute, 

It ma* Resolved^Tbat the thanks of the Institate be given to Mr. Daglish for his 
handsome present of photographic prints. 

The question of the arrears of subscriptions was then brought before 
the meeting and led to a long discussion, whether it might be advisable to 
alter so much of the constitution of the Institute as to divide the sub- 
scribers into members and associates, similar to that adopted by the 
Civil Eng^eers, with a view of making the Institute and its publications 
more approachable to the class of underviewers and other sub-managers 
of mines and manufactories, and with that view to admit such persons 
at a reduced annual subscription, and, consequently, to enlarge its utility 
to the mining interests of the country. After considerable discussion 
the following resolution was passed — 

<' That it be referred to the OouneU to consider and report whether it may be desirable 
to have members and associate members of the Institate, and what difference in the 
amount of annual subscription they would in that case recommend." 

And a resolution was likewise passed — 
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''That thiB tranamistioii of tho prodeedlDga^e withheld frani iMniben mora than two 
years in arrear of their annual lutoeriptiona.** 

The Prbszdibnt then pozamunicated to the meetipg die steps which 
had been taken. since the, last .meeting of the Institute^ in the promotion 

of the establishraeDt of a Minmj? Ci>llege. He alladud to the report of 
the Cmmcil with refereaca to the interview which the sub-committe© had 
with the Secretary of the Home Department, and stated, although that 
gentleman did not, as thej scarcely expected he would, givo them 
any Bpecific promise of support, he did what he beUeved was as much 
as was usually conceded in such cases, promise to give the flu'rject 
his careful attention. Considering,, however, that the Mine Inspec- 
tion Bill terminated next session of Parliameat — ^that it would be 
necessary to renew the bill— that the inspectoi-s had reported that 
increased intelHgence in the overlookers of mines generally would tend 
materially to diminish accident — acd that a committee of Parliament 
had recommended the establishment of practical schools for that purpose; 
he did hope that Government might be disposed^ when the Inspection 
Bill came before Parliiunent, to give them a grant of an aannal «iim 
towards the endowment of a central pollegei ^d of the estaUiahment 
and support of local schools associated therewith in die different minmg 
districts of the kmgdom. The anthoritie» of- Durham JJmtenitf had 
met the subject in a most gratifying manner. They had offered to 
appropriate lecture rooms, which would save a considerable sum in the 
erection of buildings if the College was established elsewhere ; they 
had promised to pay the salaries of two out of the five professors, 
which it was thought might suffice for opening the College ; and they 
only regretted that they were not enabled by their constitution to devote 
any further appropriation of their funds for the support of the College. 
As, however, it was pretty evident that parliamentary powers would be 
requisite to obtain the necessary funds, and as the renewal of the In- 
spection Bill offered an opportunity of obtaining such powers without 
expence, it might be that arrangements might be made to provide the 
Durham University with additional funds which might be applied towards 
an extension of that Institution, and to comprise in its constitution 
the addition of a Mining College. And last, and not least, he (the 
President) did hope that they might look with some confidence to the 
mining interests of the kingdom for pecuniary support, considering the 
benefits which were likelv to result from the establishment of such an 
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Institution^ not only in a commercial point of view^ but likewise in the 
saving of life. 

Mr. Hugh Taylor (Chairman of the Goal Trade)^ expressed satis- 
faction at the statement which had been made bj the President. The 
trade was indebted to him and to the Council for the attention they had 
paid to the affairs of the Institute. With regard to the College they 
should follow up their application to the Secretary of State. The £3,000 
a year was a very small amount out of £800,000 a year voted annually 
for educational purposes, and, in his opinion, no extension of education 
could be more beneficial to the state, than the education of the managers 
of mines and manufactories, as well in the saving of life, as in the 
working and obtaining the mineral -products of the kingdom, which he 
had no doubt would accrue from its establishment. He supposed it would 
be so constituted that its benefits would apply to the entire kingdom. 

The President — That is the intention. 

Mr. HuQH Taylor — ^Then I think the Government should provide 
the whole of the funds. If it had been confined to this locality, then 
he believed the coal trade of this district would be disposed, and he 
trusted would find the means to establish such an institution. But he 
apprehended a central establishment and district schools, embracing the 
education of the managers of mines for the entire kingdom, would be 
infinitely more useful and effective ; and, therefore, the support should 
come from the Government, and from the entire trade and manufstcturing 
interests of the kingdom. 

The Prbsidbnt said he might add that already petitions had been 
{resented to Parliament by the workmen, praying that a number of sub- 
inspectors of a lower class in die profession than the present inspectors 
should be appointed. It was extremely desirable that the workmen who 
incurred the risk of the explosions and accidents in the mines, should 
have confidence in the management of the collieries, which he was afraid 
those petitions showed they had not; and, he (the President,) thought 
every person engaged in the trade would be of opinion, that a system 
of management founded upon the unquestionable competency of the 
responsible operative managers of the mines, would be more likely to 
prevent accidents and explosions, and to ensure satisfaction to the owners 
and workmen, than a set of sub-inspectors overlooking less competent 
and uneducated operative managers, which latter system he thought 
would tend to produce inextricable confusion. 

The appointment of the Officers of the Institute for the ensuing year 
having been made, 
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The Pabsidbnt stated that the routine business of the annual meeting^ 
was dien concluded^ and that the next business before the meeting was 
tiie tenninatiqii> if practicable, of tlie discussion of the several papers on 
tiie Splittingof Air,— on the Question of B^fdators, and;— on the Vari- 
ation or otherwise of Cunents of Air of different lengths when regdated, 
in cases of Variation in the Ventilating Power of the Mine. He, (the Pro- 
sident); named. the termination of the disoussioni as the investigation and 
discussion of those questions had now been prolonged for a very long 
period, and had occupied a considerable pcnrtion of the meetings during 
this year, to the exclusion he believed of other papers of importance. 
He was duly impressed with die importance of these investigations on the 
practical ventilation of mines, but tiie most important subjects most have 
an end, and he would, therefore, propose that the discussion, if practicable, 
should be brought to a dose at this meeting of the Institate. He said 
that a paper on the subject was expected from ICr. Thomas John Taylor 
on one section of the enquiry, but he understood, from that g^tieman, 
that important Parliamentary business had prevented him from having 
tiie paper ready for the meeting to-di^. lb, Ti^lor, however, thought 
he could have it ready in afewdays, and that it might possibly be printed! 
with the proceedings of this meeting, so that all the papers and disciifl- 
sions on the subject might appear in this yearns ^Transactions*'' If^tm 
arrangement met the approbation of tiie meeting, tiiey would then go 
on with the discussion, and Mr. Taylor^s paper would, if possible, be 
printed with the proceedings. 

Mr. Atkinson — I am quite agreeable to any course that may be 
adopted; I merely suggest that I have made some remarks in reference 
to Mr. Taylor's preliminary paper, read at the last meeting, which has, 
I believe, precedence to my reply to Mr. Greenwell's remarks on my 
papers. 

It was then arranged that Mr. Atkinson's notes on Mr. Taylor's- 
remarks should be read, which were as follows. 



BEMARES 

ON 

MR. T. J. TAYLOR'S PRELIMINARY PAPER, 

ENTZTLfiD 

" THE CAUSES OP THE VAMAnONS OP THE DENSITY OP AIR 
CIRCULATINQ IN COAL HONES." 



By Mb. JOHN J. ATKINSON. 



I Bsa to offer a few remarks in reference to a communication^ made 
by Hr. T. J. Tajlw to the last meeting; relative to the questions 
appointed for final discussion this daj. 

Mr. Tajlor states, in his communication^ that the effects of local 
differences of temperature upon the ventilation of mines have never been 
denied; and least of all bj himself. 

Their effects were surely virtually denied or ignored by those who 
held that the mere relative lengths of the routes of the different splits of 
air in a mine was the only matter requiring consideration in determining 
which of them would obtain an increased; and which of them a reduced 
proportion; or share; of auy altered gross quantity of air circulating in 
the mine in a given time. And; although Mr. Taylor was not of those 
who thus failed to recognize these effects of local differences of temper- 
ature in modifying the proportions in which different gross quantities of 
air would be distributed amongst the various splits of a minO; yet that 
gentleman; at pages 74; 75; and 76 of the present volume of '^Transac- 
tions;" states that; in his opinion; under the ordinary conditions of mineS; 
these proportions would be affected to a greater extent by those particular 
changes of density in the air of rise and dip splits that are caused by the 
gradual expenditure of motive column on overcoming the resistances 
successively encountered by the air as it progresses in circulating; than 
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they would be affected by those other changes of density that arise 
from the variations of temperature generally experienced by the air as 
it circulates. 

Indeed, it was simply owing to Mr. Taylor having expressed this 
opinion that I produced the paper on the relative importance of these 
two particular causes in the production of changes of density in the air 
of mines as it prog^resses in eiroulating. 

Mr. Taylor admits, in the remarks I am here reviewing, that I 
established the position I had assumed in reference to this matter. 

I have, however, not enly shown that the changes of density ariaag 
from the gpradnal expenditure of motive column are, under the ordinary 
conditions of mines, of small amount in comparison with the alterations 
of density arising from change of temperature ;^ but dso, that however 
much those changes of density that arise from this particular cause may 
modify and affect the actual quantities or proportions of air circulating 
in the several splits of a mine, still, since they vary in the sdf-same 
proportion as the motive colunm giving rise ta< them,' they cannot, under 
ordinary circumstances, be supposed to have any sensible e£bct towards 
disturbing or altering these proportions when an altered motive column 
puts a new gross quantity of air mto circulalicm ia th# sime ^lilBb ' ^ 

This peculiarity in the amount af pressure arisfaf from' the gradual 
expenditure of motive column, and operating in iavour^of^^mditt additiai 
to, it in dip workings, and in opposition to it in rise workings, prevents 
its being included amongst the causes tending to vary the proportions 
in which different gross quantities of air will be distributed over a series 
of splits in the same mine ; while, at the same time, it is necessarily one 
of the causes operating to render dip workings more easy of ventilation 
than rise ones ; showing that the two questions are distinct, and ought 
not to be treated as being identical, however similar to each other they 
may appear ; a mistake which Mr. Taylor seems to have fallen into in 
the remarks under notice. 

Mr. Taylor next proceeds to quote some experiments having reference 
to the relative temperatures of the air in the rise and dip workings of the 
Backworth Colliery, from which we learn that the average temperature 
of the return air of the rise workings exceeded that of its corresponding 
intake by 5°; and that the average temperature of the return air of 
the dip workings exceeded that of its corresponding intake by 4°. After 
this follows some remarks relative to the tendency that these higher 
temperatures in the returns than in their corresponding intakes have to 
render dip workings easier of ventilation than rise ones. 
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In all this there is nothing opposed to the views set forth in my own 
papers. 

Mr. Taylor^ in the remarks I am noticing^ next proceeds to state that 
that part of the solution of the question^ as to why dip workings are 
more easy to ventilate than rise ones^ which is to be found in the 
higher average temperatures of the air of the returns^ than those of their 
corresponding intakes^ does not go far enough ; and that we are to ask 
whether all returns are warmer than their corresponding intakes ^ and 
why^ in particular^ this should be so in rise workings. 

Now^ however closely allied may be the question as to why dip work- 
ings are more easily ventilated than rise ones^ to the other question; as 
to which of a series of splits of air will obtain an increased, and which a 
decreased proportion of any gross quantity of air circulating, on altering 
its amount &om any assumed standard; it is evident that they are, never- 
theless; two separate questions ; and at least one cause (the local pressure 
arising from the expenditure of motive column) has been pointed out as 
operating to its full extent in influencing the former question; although 
exercising little if any influence upon the latter. 

I have not assumed differences of temperature to be the only cause 
operating to produce changes of density; and so to influence the question; 
as to the particular proportions in which any altered gross quantity of 
air will distribute itself over any series of splits in a mine; nor even to 
be the only cause operating to render dip workings more easy of venti* 
lation than rise ones. Neither have I assumed that all returns are 
warmer than their corresponding intakes, even in dip, and much less in 
rise workings; and hence I do not exactly perceive the relevancy of this 
portion of these remarks to the matter at issue. 

I have concluded that in the event of the density of the return air 
being less than that of its intake then that by altering the gross quantity 
of air, certain results would ensue in rise ways, and the very opposite 
ones in dip ways ; and that the results just alluded to would be exactly 
reversed if the density of the air of the intakes was less than that of the 
returns ; altogether independent of the particular causes which might 
operate in producing the relative densities of the returns and intakes. 

If Mr. Taylor favours this meeting with a paper and investigations on 
the nature and comparative importance of the various causes contributing 
to alter the density of the air in mines, perhaps no one will feel more 
interest in it than myself; but; judging from the nature of the remarks of 
that gentleman; read to the last meeting; I feel it to be due to myself to 
Voju VII.— August, 1869. dd 
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Btate thaty whatever may be the results of such an inTestigalion) they 
cannot controvert anything I assumed in the chief paper^ commencing at 
page 163, vol. YI., of '^ Transactions/' ''On the proportions in which air 
in mines distributes itsdf over several splits or routes having different 
lengths, and offering different resistance to currents of air passing 
through them/' inasmuch as I did not, in that paper, enter into any 
investigation of this part of the subject; and it can only be one of my 
more recent papers or communications that can be affected or oontro* 
verted by an investigation of this nature,— I mean either the paper 
commencing at page 115 of the present volume of ''Transactions,'* or 
that read to the last meeting. 

Hr. Taylor remarks, that "variations in the volume and density of 
air from temperature, pressure, and vapour, are all to be brought in as 
elements for explaining the real point at issue, which is not, it is con- 
ceived, one of temperature periu» motive column, but how to give a right 
explanation of all the circumstances. Ikmperature does not aeeountjar 
etery ease; it will not carry ua through either ae regards dip or rim 
workings I nor, so far as my experiments go, will hygrometric difierenee 
do so, but the notable feature of the increase and diminution of venti- 
lating column must necessarily find admission, as one assignable cause at 
least, into every example." 

Now, at the time when these remarks were communicated to the Insti- 
tute, I had not entered into any general investigation of the causes tending 
to render the air of the returns more or less dense than that of the 
intakes, and I am at a loss to know how the matters named could be 
assumed as elements requiring to be brought in to explain any point 
then at issue ; for, whatever might be their effects in altering or affecting 
the density of the air circulating, the real point at issue would remain 
as before, viz., as to whether the mere relative lengths of the splits, on 
the one hand, or whether the relative densities of the air of intakes and 
returns of rise and dip ways, on the other hand, were the real causes 
determining which particular splits would receive an increased, and 
which a decreased share or proportion of any altered gross quantity of 
air put into circulation, in the same unaltered mine or part of a mine. 

I am not aware that I have anywhere assumed that the question was 
one of temperature versus motive column, except when writing a special 
paper on that very question, owing to Mr. Taylor himself having, in a 
previous part of the discussion of the first of the series of papers, 
expressed an opinion in reference to the relative importance of these two 
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particular causes in producing changes of density in the au* of mines, a6 
variance with the opinion entertained by myself on that particular point ; 
neither have I pretended or assumed that temperature alone would 
account for every case^ or I should not have alluded to the effects of a 
mixture of gas with the air in producing changes of density^ as I have' 
done in the first of the series of papers^ at page 164^ vol. VI. of the 
" Transactions." 

I have, on two former occasions, (see note, page 123, and also pages- 
134, 135, and 136 of the present volume of " Transactions") shown 
that the expenditure of ventilating pressure is trivial in its effects 
on the density of air in mines, and, therefore, also in its effects 
in modifying the proportions of air going into the different splits of a 
mine, as compared with the amount of the effects of the same nature 
produced by the differences of temperature usually prevailing as between 
intake and return air. 

I have in these places further proved that these effects, arising &om 
changes of density, produced by the expenditure of ventilating pressure, 
while of very small amount in fixing the relative proportions of any 
gross quantity of air going into the various splits of a mine, since they 
are always proportional to the motive column giving jrise to them, would 
have no effect whatever in modifying the proportions in which any 
altered gross quantity of air would distribute itself over the same 
unaltered splits of a mine, if we suppose that no other dktnrbing causes 
existed; as, in that case, whatever might be t^e gross quantity of air 
circulating, the proportions in which it would be distributed would con- 
tinue to be the same; and need not, therefore, necessarily find admission 
as an assignable cause into every example of Ihe real question, in reference 
to which these papers have been written, as might be inferred from Mr. 
Taylor's remarks at page 131 of the present volume of "Transactions." 

Looking back to the paper, commencing at page 163, of volume VI., 
of "Transactions," on the relative proportions in which different gross 
quantities of air distribute themselves over the various splits of a mine, 
out of which the more recent papers intended for discussion at present 
have all arisen, I conceive that whatever may be proved as to the nature, 
variety, and extent of the various causes operating to produce changes 
of density in the air of mines as it progresses in circulating, they cannot 
be urged as controverting anything set forth in that paper, inasmuch as 
the conclusions arrived at in it are come to on the mere assumption that 
the densities of the air of the intakes are, on the one hand, greater, or. 
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on the other hand, less than those of their respective rstoms; quite 
independent of the nnmber, natare, or magnitude of the separate causes 
that may contribute towards the jnroduction of such dififerences of densifj: 
Hence I conceiTiB that it is hj a mere eztensioQ of a particular branch 
of the general subject (generallj recognised in the paper itself, but 
intentionally left uninvestigated), that these particular matters, brought 
forward by Hr. Taylor, can find admission into the discussion of the 
original point. 

The Prbsidbnt— We shall now go cm with the discussion generally, 
and as Mr. Atkinson has answered some remarks of Mr. QremweH in a 
paper read at the last meeting, and, as Mr. Greenwell is now present, I 
think we diould first of all hear that gentleman's answer to Mr. Atldnson'a 
remarks. 

Mr. Obbbnwbll — The questicm to be considered is the didbreDoe 
that would take place in the relative quantity of air tiiat wedJd go in 
long and short runs^ by the diffivenee made in the ventilating power. 
I had a model made^ rq>iesenting the upcast and downcast shafts, tfaiee 
feet high and four inches square. The communication between the 
bottom of each of these diafts was direct Italso re p res e nted a pair of 
drifts four feet long, firom the bottom of the downcast, returnii^ to ^tm 
bottom of the upcast. In the short run there was a door placed, and in 
the face of the drift I placed a small lighted taper, which was observable 
by a little glass frame put opposite. I had a spirit lamp at the bottom 
of the upcast, and when the door was shut the whole of the current of 
air went round the face ; but when the door was opened I still found 
that though there was a dimhiution in the quantity of air the diminution 
was very little, compared with what might be expected, as there was 
such a short run from the bottom of the one shaft to the bottom of the 
other; but when I partially closed the top of the upcast I found the 
effect much greater on the candle placed in the face, and that a certain 
contraction of the upcast produced a stagnation of the air in the long 
split As I gradually closed the upcast the flame of the candle became 
perfectly vertical, the air all passing along the short coiu^e. I con- 
clude this would take place in practice. 

Mr. Hall — ^What is the object of contracting the upcast shaft, in- 
stead of contracting the intake ? 

Mr. Gkeenwell — ^To reduce the gross current of air. 

Mr. Atkinson — With regard to the question asked by Mr. Hall, there 
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is notliing, that I am aware of^ in air-tight places^ against contracting 
the npcast any more than the downcast ; or in favoar of or against using 
the furnace power^ as compared with any other power; bnt if there was 
any leakage in the boxes in Mr. Greenwell's experiments; then the 
difference is important^ as it would materially affect the results. If 
perfectly tight it is a legitimate experiment ; I presume the boxes were 
horizontal ? 

Mr. Grbbnwbll — ^Yes. 

Mr. Atkinson — If on reducing the gross quantity of air you got a 
greater proportion of diminution in the long split than you did in the 
short one, it is contrary to all my personal observations. It is ccmtrary 
to all the practical experiments made in mines that have come to my 
knowledge; as well as contrary to what I believe to be the true theory 
of the case ; and; of course, I am at a loss to account for it. Was the 
result really obtained ? 

Mr. Greenwkll — ^This is an experiment easily tried by any one. 

The President — ^You did not ascertain the quantity of air at the 
upcast, as compared with the quantity at the downcast, to prove that the 
boxes were tight. 

Mr. Greenwell — ^The air must have gone from the bottom of one 
shaft to the other — ^there was nothing in the face, the candle was up- 
right. 

The President — ^You diminished by the contraction the quantity of 
air ; if the theory is correct, it is correct with respect to any quantity of 
air, circumstances being alike ; if there is no alteration of the door, if the 
area of the two passages, the long passage and the short one, are the 
same, the same relative quantity of air should go through both places, 
whatever may be the aggregate quantity ; that is the theory of Mr. 
Atkinson. 

Mr. Atkinson — In level workings that is the theory. 

The President — ^To upset that theory Mr. Greenwell's boxes must 
be perfectly tight, and the area constant during the experiments; there 
must be no doubt on these requisites. 

Mr. Greenwell further explained the form and working of his model, 
which was composed of boxes, which he believed were perfectly air-tight* 

Mr. Atkinson — Is it not possible there was leakage? I have seen 
experiments tried by boxes. With boxes Mr. Daglish got results very 
similar to those of Mr. Greenwell. The short split in his experi- 
ments got a considerably increased proportion of air on reducing its 
quantity by contracting the intake. I went down the pit one day with 
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Hr. Daglish after he had tried his experiments. He said he bdieyed 
the hoxes were air-tight I said, I don't think they are so; but we 
will try it by patting the regulator at the opposite end. Acoordingly we 
reduced the area of general airway at the exit end of the boxesi and we 
could scarcely distinguish that^there was any falling off in the long split, 
though there was a great falling off in the short one.^ There was scarcely 
a twentieth part indicated by the anemometer as a redaction fronv tl^ 
original quantity passing in the long split, while according to the anemo- 
meter there was only about one half of the air in tho sliort run. What 
was the meamng of it ? Simply the leakage of the boxos. The leakage 
in Mr< Daglish*s trials had operated in favour of the short run, and 
against the long run. In the trials made on nay visit, I believe, there 
waa only a tw^entietli diminution in the long run quantity, when in the 
short one there was a reduction of ahout one half of the quantity, the 
difference being duo to the leakage ; by contracting the outlet end of 
the boxe& we increase the pressure in the boxes; and the excess of the 
leakage of the long split boxes over that of the short split boxes, 
arising from the increased press oi-e, had to pass over the anemometer ia 
the long split. The hoxes were placed in the return — the air coming 
direct to them from the downcast — and this would make the pressure 
in the boxes much greater than the external pressure upon them^ in the 
return. By contracting the intake end of the boxes the internal pressure^ 
would be reduced and this would reduce the escape of air from the 
boxes, and thus unduly lessen the air going into that split which had 
the most joints and leakage — in this case, the long split. 

Mr. Daqlish — It takes a sensible current to turn a candle. 

Mr. Dickinson — Though the remarks Mr. Atkinson has made are 
important as showing the attention that should be paifl to leakage, these 
experiments of Mr. Greenwell's were only made with a model candle, 
which he had burning in the far end upright ^ still there might be a 
sensible current there, and he did not ascertain the quantity of air 
going through the short course ; therefore, the diminution of the whole 
quantity might have affected both splits in proportion, and this is the 
real point at issue. 

President, addressing himself to Mr. Green well — ^Youdo not generally 
get boxes very tight, — everything depends on their being tight, — ^you are 
still of opinion that the theory is not correct ? 

Mr. Greenwell — I am; whether it arises from some particular point 
not taken into consideration, I believe the theory, as it now stands, will 
not be found borne out by fact. 
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President— The boxes represent shafts of uniform size. Was the 
drift between the shafts of the same area ? 

Mr. Greenwell — ^Yes. 

President — ^The fact of the drifts or currents being made to pass 
along routes inclined to the horizon^ and not perfectly level, may 
influence the theoretical results; and, though in this experiment the 
tubes representing the shafts are perfectly vertical, and the boxes repre- 
senting the drifts are perfectly level, and consequently nothing to influence 
the theoretical result, still you think, in this case, little or no air traversed 
the long run when the gross quantity was reduced ? 

Mr. Greenwell — Until the contraction becomes so much greater as 
to give the upcast shaft power enough to supply itself from the far oflF 
place. 

President — The friction of the air at the same velocity in the short 
run, is less than the friction of the air passing round the long run, sup- 
posing the areas of both to be equal ? 

Mr. Greenwell — ^Yes. 

President — ^Then it would depend on the contraction or regulator 
placed in the short route making the velocity, and consequently the 
friction greater in the short route, to compensate for the increase of 
friction in the long route; and, if the one balances the other, then in all 
cases will they not be equally balanced. You think in a diminished 
aggregate quantity of air you could get a considerable velocity through 
the short run (the two being connected), while the air in the long run 
remains perfectly stagnant, though with a greater aggregate quantity 
of air, there would be a definite and regulated quantity of air passing 
along each route ? 

Mr. Greenwell — ^Yes. A considerable velocity in the short one, 
and the long one stagnant. Take the case of Haswell Colliery in the 
shaft workings, the doors were thrown open, and the overman sent into 
the workings to observe the effect on the air currents in the dip and rise 
currents. After waiting a long time he came back and said, have you 
not opened the doors yet? He had found scarcely any difference, such 
was the power of the upcast shaft that.it could not obtain a sufficient 
supply of air through the doors, but it still continued to draw air round 
the workings. I will rest the whole question on that experiment. 

Mr Dickinson — ^You took no means to ascertain the quantity going 
through the short cut f 

Mr. Greenwell — It was evident. 



194 

The Fre.^!D£NT — The resistance of tlie air in the passages is m the 
square of the velocity and the length. Any increase or dimiDution of 
the ag-gregatc quantity of air should aot effect sucli a result. In all 
cases the relative quantities of air ehould pass along the routesj whether 
long- or short f 

Mr. Ore EN WELL — If the theory is really correct* No d<3ubt if, in 
treating air, yon were treating^ a body such as water, which is almost 
incompressible j the theories of the motion of fluids and of air woidd be 
similar; but I am not sure whether the packing of tha air itself, in 
forcing it round long columns^ has not considerable effect. 

Mr, DuKK — Suppose the door was of equal capacity with the pipe^ 
what would be the effect ? 

Mr. Greekwkll — It is the case. The eDmmunicatton§ and tbe door 
are all the same size, except the thickness of the door itself. 

The PKESIPENT — We have, on the one hand, the theory, aad a great 
many experiments on a large scale, in direct contradiction to Mr. Green- 
well's experiment. I think gentlemen will he ?eiy chary in arriving at 
a conclusion which would upset the generally received law of the motion 
of air and those experiments, from the result of this one experiment with 
boxesj which may or may not have been perfect. If there was any 
leakage, it would materially affect the result, and no dependence could 
be placed on the experiments 

Mr. Greenwsll — It is easily tried. 

Mr. Daqlish — I have tried bozes^ but could never make them tight. 

Mr. Atkinson — Mr. Greenwell supposes that the packing or elasticity 
of the air has some effect, although he has himself objected to my intro- 
ducing theoretical considerations. The theory I have employed is based 
on numerous and varied experiments; while this hypothesis of Mr. 
Greenwell's is based on an idea of his own mind. I believe, when we 
come to refer to the experiments made in mines, we shall find that 
these experiments completely bear out the paper imder discussion. 
In such of the experiments, cited at page 145 of the present volume 
of " Transactions," as were made in situations where the routes of the 
splits were rise or dip ones, the gases given off, the expenditure of 
motive colunm, and, in all probabihty, the hygrometrical state of the 
air also, each contributed to the effects of differences of temperature, in 
rendering the density of the returns less than that of the intakes ; and 
the whole of the experiments give results in perfect agreement with the 
theory, on the presumption that such a difference of density really 
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existed. The very opposite results; in these caseS; ought; according to 
the theory; to have been obtained; had the density of the retums; on the 
other hand, been greater than that of the intakes ; a condition that 
might have been created by the admixture of a sufSiciently large pro- 
portion of carbonic acid gaS; in lieu of fire-damp; with the retums. 

The President then said — I think I must now endeavour to give a 
a summary of the various conclusions which appear to result from the 
papers and discussions on the subject before us. The question; first of 
all; originated in a difiference of opinion amongst some members of the 
Institute; as to the proportions in which the air in mines would distribute 
itself in routes or splits of different lengths; in cases of a variation in the 
ventilating pressure; or in the aggregate quantity of air in the mine. 
Mr. Wales having stated that practically; when the aggregate quantity 
of air circulating in a pit was diminished; the regulators not being altered, 
there was a greater diminution of quantity in the loug; than in the short 
splits ; while Mr. Atkinson; on the other hand; contended that; all things 
remaining the samO; viz.; the regulators and air- ways of all the splits 
remaining unaltered; ^' except in so far as the gravitation of air of dif- 
ferent temperatures and densities in ascending and descending parts of 
the air-ways forming the different splits or routes might affect the result; 
air would divide itself over any series of splits in the SBLxne proportions, 
whatever might be the general ventilating pressure employed, or the 
gross quantity of air circulating in a unit of time." 

In order to test his opinion by experiment; Mr. Wales made a great 
many experiments at the different coUierieS; and Mr. Atkinson did the 
same; at some of which both gentlemen were present. It is not neces- 
sary for me to give more than the general result of these experiments, 
for the purpose of arriving at the conclusions which they manifest, as 
the details are given in the ^' Transactions;" as well as the comments 
made upon them from time to time in the different discussions. It is of 
course; extremely desirable; in the practical operation of ventilating mines^ 
to know how far theoretical deductions are borne out by the practical 
results; and; therefore; the enquiry is one of great importance in coal- 
mine engineering ; and the Institute is deeply indebted to the late Mr. 
WaleS; and to Mr. Atkinson for the exertions and trouble they have taken 
in the elucidation of this important subject. 

Adhering; therefore; to my intention of deducing from these experi- 
ments and theoretical disquisitions; the practical operative results; so 
that we may know in practice; how far an increase or diminution of the 

Vol. vn.— August, 1859. eb 
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yentilatin^ pressure^ or of the aggregate quantity of air circulating in 
any mine^ operates to increase or diminisli the respective quantities of air 
in long and short routes or splits^ the regulators by which such quantities 
are governed remaining unaltered ; or, whether it is necessary in practice, 
in cases of any sudden diminution in the quantity of air circulating in a 
mine, to attend to or alter the regulators so that the same relative quan- 
tities of ail' may circulate through all the various routes or splits, whether 
long or short. I shall proceed, therefore, first of all, to give the result 
of the experiments adduced by Mr. Atkinson, to prove the accuracy of 
his theory when tested in practice. 

The first of these experiments were made by Mr. Berkley at Crook 
Bank Colliery, and are given in detail in vol. VI. of the " Transactions" 
of the Institute, pages 183-6. The result of these experiments, in splits 
of the respective lengths of 72, 134, and 129 chains, the workings being 
nearly level, as stated by Mr. Atkinson in page 186, is as follows: — ^^'In 
the first experiment the difference between observation and calculation 
amounts to ^th per cent, in one case, and reaches to between 5 and 6 per 
cent, in another case; but, in the second experiment, the least error is 
less than j per cent., and the greatest is less than 2 per cent." And at 
the meeting of July, 1858, Mr. Atkinson presented two sets of experi- 
ments, made at the Grange Colliery, vol. YI., page 229, the difference 
between the theoretical and practical results being about 2^ per cent, 
which Mr. Atkinson attributed to the " difficulty of measuring the precise 
quantities of air in each split, and not to any error in the theory." The 
respective lengths of each split being 1490, 2142, and 32G0 yards. 

These results led to an extensive set ol experiments being made at the 
Iletton Colliery by the late Mr. Wales and ray son, at some of which 
Mr. Atkinson was present. I have collected those into the form of a 
tabular statement, showing the practical effect upon long and short routes, 
where the disparity in the lengths is very great, and I have also added 
the theoretical results that would have been expected if the splits had 
been level, or what ought to have been the respective quantities of air 
in each sj)lit if the air had divided itself over the two splits in the respec- 
tive proportions of the increased or diminished nggregate quantities of 
air circulating in the mine. I have also added two experiments made, 
at the suggestion of Mr. Atkinson, at the S])ringwell and Haswell Col- 
lieries. The following tables will show the results. Table I. is expe- 
riments made when the ventilating ])ressure was reduced dm'ing the 
experiments, and Table 11. where the ventilating pressure was hiora-icd 
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during tbo experiments ^ the regulators in each case being so adjusted 
that the currents in the long and short splits were nearly equal, and were 
undisturbed during the experiments. 

TABLE I. 
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GO 
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300 
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197 
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7 
9 


Minor Pit 
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3520 


12 

21bI 


430 

1350 
1137 


427 

1350 
1100 


m 

2700 
3337 


104 

800 
675 


174 

522 
202 


278 

1322 
937 


130 

OOl 

470 


130 

601 

401 


270 

1322 

937 


10 


ITflj^eU Colliery . . 
Pttg«132,VoLVlI. 


Dip 


7000 


430 


414 


413 


SS7 


334 257 501 


2D0 


295 


591 



TABLE II. 






Qomoro CoUieiy ■ ■ 
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iin 

4J2 

440 



775 

33(TO 
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(1) and (2) showing the actual results, as observed in the experiments; and (3) the 
theoretical quantities, if the splits had been level. 
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It is necessary to explain that the workings; or routes along which 
the air passes in these experiments^ were not level, the seam of coal lying 
generally at an angle of 1 in 15 to 1 in 12. That the experiments 1, 2, 
6, and 6 in the tables were made in routes the inclination of which were 
ascending from the downcast pit; and descending towards the upcast pit ; 
consequently; the ingoing air in the long routes had to pass along an 
ascent or rise to the extremity of the workings; and had then to descend 
towards the upcast; while the short routes were nearly level. And the 
experiments 3; 4; 7, S, 9, and 10; were madC; where in the long routes 
the ingoing air had to descend; and the return air towards the upcast; 
had to ascend; the short routes being level. 

It is likewise necessary to explain that the regulators were adjusted 
so that the quantities of air passing along the long and short routes or splits 
should be nearly equal; as in columns (1) (1). In column (2); Table L, 
the ventilating pressure was reduced, and; consequently; the aggregate 
quantity of air passing through the mine was diminished; when the 
quantity of air distributed itself in the long and short routeS; as shown 
in column (2); Table I. The quantities shown in colunm (8); Table L; 
being those which ought to have passed along the long and short routes 
respectively; if such routes had been level; and if the disturbing causes 
of gravitation had not existed in consequence of the inclined position of 
such routes. In Table II. the same process was followed; the relative 
quantities of air in the long and short routes were regulated as nearly 
equal as possible, as in column (1) ; the ventilating pressure and the 
aggregate quantity of air was increased when the quantities shown in 
column (2) passed along the long and short routes respectively ; and; as 
in Table I., column (3) shows the quantities which ought to have passed 
if those routes had been level. Comparing, therefore, the practical 
results shown in columns (2) (2), Tables I. and II., with the theoretical 
results as shown in columns (3) (3) of those tables, the difference will 
show the effect in practice as contrasted with what, but for the rise or 
dip of the splits, would be the theoretical result. 

The result of such a comparison will show that, in all the experiments 
when the regulators were so arranged that they produced a maximum ven- 
tilating pressure, or a full aggregate quantity of air in the mine, and when 
that pressure was reduced^ and, consequently, the aggregate quantity of 
air in the mine was diminished, the long splits got a comparatively lesser 
quantity of air in the ascending routes, viz., 1 and 5, while in the 
descending routes, viz., 3, 9, and 10, the long splits had a comparatively 
greater quantity of air, the short splits in the former case having a 
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greater J and in the latter case a leMer quantity of air^ as shown in Table 1. 
On the contrary^ when the regulators were adjusted with a minimum 
ventilating pressure^ or a diminished (aggregate quantity of air^ and 
when the quantity was increased the hng splits in the ascending routes 
2 and 6 got an increased quantity of air^ the short splits having a less 
quantity^ while in the descending routes 4 the long splits obtained a less 
and the short split a greater quantity of air. 

This is strictly in accordance with the theory propounded by Mr. 
Atkinson^ and explained with great clearness and perspicuity in his 
papers^ and in the discussions. The air circulating in the long routes 
receives^ as it proceeds, the natural heat of the mine throughout the 
whole of its passage, and, also, any gases discharged in its course, the 
difference of temperature between the ingoing and return air being 
several degrees, depending upon the length of the routes and other cir- 
cimistances affecting the temperature of the mine ; and if inflammable 
gas is evolved the levity of such gas, likewise, tends to increase the 
rarity of the return current, consequently, the colunm of air, from the 
downcast shaft to the extremity of the workings, is necessarily of a much 
lower temperature than the colunm from the extremity of the workings 
to the upcast shaft ; and the tension or density of air being in proportion 
to its temperature, it follows, that that half of the column of air, from 
the downcast to the extremity of the workings, is of greater tension or 
density than the half from the extremity to the upcast, independently of 
the effect of the light gas. Hence, in ascending routes, the heavy column 
has to ascend and the lighter column has to be forced downwards; 
while, in descending routes the heavy column descends and the lighter 
column ascends to the upcast shaft, and, consequently, we have the 
results shown in the experiments. 

The experiments 7 and 8 are, however, an exception, and it was the 
experiments in this pit which led the late Mr. Wales to doubt the accuracy 
of the theory. Mr. Atkinson has, however, thoroughly investigated this 
case, and subsequent experiments show that there were causes operating 
in this case which satisfactorily accounted for the apparent anomaly 
between the practical result and the theory. 

It having been clearly^ and to my mind satisfactorily, established, 
that dependence may be placed on the theoretical deductions expounded 
by Mr. Atkinson, as a guide to us in the practical operation of the ven- 
tilation of coal mines, in cases of the splitting of air by regulators, 
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making proper allowances for the disturbing causes which have been so 
thoroughly investigated in the papers and discussions of the Institute^ 
it may not, then, be uninteresting, or without practical utility, to see how 
far those disturbing causes operate in practice as obstacles in carrying 
out the system of using and of depending upon reg^ilators, tmdisturbed, 
in the splitting of air in large and extensive mines. 

The experiments have been made in extreme cases to test the accuracy 
of the theory, where the disparity between the lengths of the long and 
short routes were extreme, much beyond what occurs in practice. If,, 
therefore, it is ascertained that the regulators may remain undisturbed 
in such cases as these, with regard to the comparative lengths in the 
routes, and, if we also adopt the almost equal disparity of the ventilating 
pressure, or diminution in the aggregate quantity of air in the mine, then 
we may, I presume, rely upon the system in the less extreme, disparity 
in the lengths of the routes, and in the more equal ventilating pressure, 
occurring in practice. 

Referring to Table I., the diminution in the quantity of air in the long 
route, less than an equal distribution, is only as 216 : 228*6, op less 
than 6 per cent., the difference in the lengths of the two routes being as 
3500 : 110. The diminution in the aggregate quantity of air being 
as 800 : 457. InexperimentSthereductioninthequantity of airinthe 
short route is only as 485 : 523, or a little more than 7 per cent. The 
disparity of tho length of the routes being as 2850 : 60, and the diminu- 
tion in the aggregate quantity of air in the mine being as 1827 : 1030. 
In experiment 5 the reduction in the long route is as 160 : 193, equal to 
17 per cent. The disparity of lengths of the routes being as 2538 : 60 ^ 
and the diminution of air in the mine being as 1154 : 390. In expe- 
riment 9 the reduction in the short route is as 522 : 661 and 262 : 461 
respectively; the disparity of lengths being as 3520 : 218, and the 
diminution of the air in the mine respectively, as 2700 : 1322 and 
2237 : 937. And in experiment 10 the reduction in the short route 
is as 257 : 295, or about 13 per cent. The disparity of lengths being 
as 7000 : 430, and the diminution of the air being as 827 : 591. I 
have omitted experiment 7 for the reasons previously stated. With the 
exception of the second experiment of 9, the variation from the regular 
proportionate diminution of air in the split, compared with the aggregate 
diminution, is from to 20 per cent., the reduction of the aggregate 
quantity being from 50 to 00 per cent. In tho second trial of the expo- 
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riment 9, the regulator reducing^tb^,. v^titBting pressure was placed in 
the return, which, if there was le^ageln the stoppings, might affect the 
result. 

Let us now see whether in practice any cases ever occur to reduce the 
aggregate quantity of air in a mine 50 to 60 per cent., and if so, imder 
what circumstances, or what are the causes which produce such a state 
of things ; and if, in such cases, a diminution of from 6 to 20 per cent, 
of the quantity of air in any particular split would, imder such circum- 
stances, be attended with danger during the existence of such a reduction 
in the aggregate quantity of air usually ventilating any mine. 

The prominent natural causes which operate in producing a diminution 
or increase in the ventilating power, is the variation in the density, tem- 
peratiu'e, and hygrometrical state of the atmosphere, the most important 
being the density indicated by the rise and fall of the barometer, hence 
it is a practice in all well regulated collieries to have a barometer in each 
pit, and to make daily records of the state of the atmospheric pressure. 
Beyond this all is artificial as regards the state of the ventilation of mines, 
the state of the air- ways, of the ventilating apparatus, whether mechanical 
or by rarefaction, all depends upon the care and attention of the workmen, 
and on the system of ventilating power employed. Admitting that all is 
in order, so far as the ventilating power and the state of the air-ways are 
concerned, we have, then, only the several variations in the state of the 
atmosphere, previously alluded to, to contend with. These operate, prac- 
tically, two-fold. — 1st, in a diminished pressure of the atmosphere, indi- 
cated by a fall in the barometer ; and 2ndly, in the increased discharge 
of deleterious gases, the effect of such diminished pressure. Against the 
last, which cannot be controlled, we have only to endeavour to dilute it, 
and render it harmless, by an increase of ventilation, which is incompatible 
with the natural effect of the first state of things. It is, therefore, of 
importance to see what effect the variation of the atmospherical pressure 
has upon the practical ventilation of collieries generally, and particularly 
on the several divisions thereof, the subject of this enquiry. 

Perhaps this would be best shown by giving a daily account of the 
aggregate quantity of air circulating in a coUiery for a year, including, 
of course, all the variation of atmospheric pressure and temperature for 
that period. This, however, appeared unnecessary to the entire extent, 
and I have, therefore, abstracted a fortnightly accoimt, comprising the 
extremes of both these influences. 
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RegiHer of Barometer and Thermometer, and Quantities of A tn 
the Minor and Blossom Pits, at Hettan Colliery, for 1888. 
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It will be seen, from the foregoing table, that the aggregate quantity 
of air circulating in the Hetton Colliery, in the year 1858, and produced 
by furnace ventilation, has not been effected at all by the variations 
in the atmospheric pressure, and this I believe to be the result 
generally with furnace ventilation ; and for this reason, we know that 
more or less air, or ventilating power, is produced by the state or inten- 
sity of the furnace, an apparatus or anemometer, indicating the velocity 
of the current of air, is placed near the furnace, and the instructions given 
to the furnace-man is, to keep the apparatus showing the velocity of the 
air always at the same rate of speed. If, therefore, any cause occurs 
which would otherwise diminish the quantity of air circulating in the mine, 
the furnace-man adds more fuel to the furnace and so keeps up the 
same velocity of the current, as indicated by the apparatus showing 
the velocity. Practically considered, therefore, the variations of atmos- 
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pheric pressure have no e£fect in producing such a general deficiency of 
air as will; when the regulators are once arranged^ cause almost any 
irregularity in the currents of the different routes. The amount of 
variation at the Hetton Colliery^ as exhibited by the foi*egoing table, 
below the average quantity of air during the year, is about 8 per cent. ; 
this, on an examination of the tables hereinbefore given, will be found 
not to produce such an amount of variation in the ciurents of the different 
routes as to be productive of any practical inconvenience, or of any prac- 
tical injurious result. 

In the ordinary course of working we may, therefore, conclude that 
when the regulators are once arranged; there is no occasion, when every- 
thing is going right, to alter them. Accidents may happen to diminish 
the aggregate quantity of air. No rules can be laid down in such 
cases. It will, however, be of utility to know the extent of variation in 
the relative quantities of air which may be apprehended in specific cases 
of diminution in the aggregate quantity of air circulating in the mine, 
and these experiments will, it is trusted, furnish such information. 

There are, however, cases that occur in practice regularly, in certain 
collieries, which it may be useful to investigate, viz., the extinguishing 
or damping of the furnace, in order that an examination may be made and 
the necessary repairs performed in the upcast shafts, which cannot be done 
while the furnace is in full operation. In these cases a very considerable 
diminution is produced in the aggregate current. It is true the workmen 
are withdrawn from the mine during the operation, and every care 
resorted to, in order to prevent any injurious effects or accidents occurring. 
Stilly I presume, it may be useful to ascertain what effect is produced in 
some of those cases upon the general current of the mine, and, conse- 
quently, on the currents of the different routes. 

I have, therefore, selected a case where it is necessary that the upcast 
shaft should be thoroughly examined once a fortnight^ and for that 
purpose the furnace is practically extinguished for about twelve hours, 
during which time no workman is allowed to remain in the pit, except 
the men working in the shaft, who, when necessary, use safety-lamps 
exclusively. 

The following is the register of the water gauge of the Seaton Colliery 
for two fortnights, showing the ventilating pressure previously to the 
damping of the furnace, — during the time it is practically extinguished| 
— and the pressure when the furnace is again in operation. This table 
is also useful in showing the hourly variation of the water gauge, pro- 
ToL. VII.— August, 1869. " 
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duced by the variation in the intensity of the fiirnacei previonslj to and 
during the time when the furnace is slackened, in order that the work- 
men may be enabled to examine the shaft at particular times when the 
pit is not at work. I have also added two tables showing the temperature 
and barometrical pressure at the top and bottom of the pit; the depth being 
260 fathoms. 
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MBTEOBOLOOIGAL OBSERTATIONS AT SEATON COLLIERY. 

Regitter of Barometer and Thermometer during No. 16 Paj/j and 

ending July 2ith, 1868. 





aABOMBna. 


CTTSBMOMTMa. 


Bank. 


Pit. 


DUfeienee. 


Bank. 


Pit. 


DUrexeoee. 


Monday .. 


29-80* 


81-40« 


1-60* 


560 


66« 


11« 


Tuesday .. 


29-73 


31-86 


1-63 


63 


68 




Wednesday] 


29-53 


31-10 


1*57 


64 


69 




Thursday* • 


29-69 


31-34 


1-65 


61 


67 




Friday.... 
Saturday.. 


29-60 


81-25 


1*65 


62 


69 




29-69 


31-39 


1*70 


66 


70 




Sunday • . 


29-75 


31-41 


1-66 


61 


68 




Monday .. 


29-88 


81*55 


1-67 


53 


67 


14 


Tuesday •• 


29-86 


31-45 


1-69 


61 


68 




Wednesday 


29-54 


31-10 


1*56 


62 


60 




Thursday.. 


29-54 


31*30 


1*76 


56 


68 


12 


Friday.... 


29-64 


31-24 


1-60 


68 


68 


10 


Saturday*. 


29-69 


31-20 


1-61 


59 


68 




Sunday • . 


28 28 


30-33 


2-05 


66 


68 


12 


Arerage .. 


29-68*> 


31-24*» 


166« 


59-7^ 


68-1^ 


8'4«> 



METEOROLOGICAL OBSERVATIONS AT SEATON COLLIERY. 

Register of Barometer and Thermometer during No. 26 Pay^ and 

ending December 2l6thj 1868. 





BAaoxsm. 


TirHHOMKCTa. 


Bank. 


Pit. 


DiiBBieiioe. 


Bank. 


Pit. 


DifEmnos. 


Monday •. 
Tuesday •• 
Wednesday 
Thursday.. 
Friday.... 
Saturday. . 
Sunday .. 
Monday •• 
Tuesday •• 
Wednesday 
Thursday .. 
Friday.... 
Saturday. . 


29-55«> 

29-68 

29-98 

29-96 

29-84 

29-55 

2907 

29-12 

29*28 

29-04 

29-14 

28-77 

29-08 


81-22«> 

31*41 

31*75 

31*70 

31-60 

81-25 

80-73 

80-81 

3100 

80-70 

30-80 

30-40 

80-70 


1-67* 

1-73 

1-77 

1-74 

1-76 

1*70 

1-66 

1-69 

1-72 

1-66 

1-66 

163 

1-67 


36« 

42 

86 

36 

87 

87 

41 

37 

44 

46 

47 

45 

49 


69*> 

59 

59 

68 

58 

69 

68 

68 

68 

60 

60 

61 

68 


23*? 

17 

23 

23 

21 

22 

17 

21 

14 

14 

13 

16 

16 


Ayerag^ •• 


29-885«» 


31-082<> 


l-697<» 


40-4<> 


68-8« 


18-4<» 



The following table will show the comparative quantities of air passing 
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tlirough the different parts of the Seaton Pit^ in cabic feet per minute, 
when the furnace was damped, and when in full operationi fi'om experi- 
ments made by Mr. Daglish. 





A. 

Jane 4, 1858. 


B. 

July 89, 1868. 


C. 
Dee. 4, 1868. 


D. 
Dec 30, 1856. 


Fornaoe 
out. 


Funuoe 
in. 


Fnmaee 
out. 


Furnace 
in. 


Fnmaee 
out 


Furnace 
in. 


Furnace 
out 


Fnmaee 
in. 


Water 
Gauge 
6 in. 


Water 
Oaage 
1-7 in. 


Water 
Gauge 
06in. 


Water 
Gauge 
1-6 in. 


Water 
Gauge 
O^in. 


Water 
Gauge 
1-6 in. 


Water 
Gauge 
0*5 in. 


Water 
Gauge 
1-6 la. 


Main Intake 

Split 8 ft area regpilator 
Do. 1 do. 
Main Intake, Split open 
West way, do. 
Short SpUt, do. 
South way, do. 


28,500 
4,950 
8,647 

• • 

• • 

• • 

• • 


52,000 
8,662 
6,707 

• • 

• • 

• • 

• • 


21,875 
4,285 
8,000 

• • 

• • 

• • 

• • 


40,285 
6,818 
5,000 

• • 

• • 

• • 


2,8777 

29,000 

11,814 

14,684 

8,500 


40,125 

54,500 

25,200 

22,641 

6,560 


26,750 

80,570 

10.708 

15,000 

4,800 


45,857 

58,500 

26,400 

20,000 

7,872 



It will be seen, from the above experiments; that when the furnace was 
extinguished; the water-gauge or ventilating pressure was reduced firom 
l*7in.; l*6in.;and l*5in.respectiYelj; toO'Sin.; andthat generally; the dimi- 
nution of quantity of air was about one-half; or 50 per cent, or as nearly as 
possible; as the square roots of the water-gauge or ventilating pressure. 

Taking the main intake current of air in the several caseS; the theore- 
tical and practical results are as follows :^ 





Water Gauge. 
Furnace in. 


Water Gauge. 
Furnace out. 


Full QuanUty 
of Ail-. 


Reducedquan- 
tity ofAlr. 


TheoreUcal 
quanUtyofair. 


A 


In. 
1-7 
1-5 
1-6 
1-6 
1-6 
IC 


In. 
05 
0-5 
05 
05 
0-5 
0-5 


52,000 
40,235 
40,125 
54,500 
45,857 
53,500 


28,500 
21,875 
23,777 
29,000 
26,760 
30,570 


28,146 
23,250 
22,431 
30,407 
25,656 
29,907 


B 


c 


D 





These experiments show a remarkable coincidence between the theoreti- 
cal deductions, and the practical results of the velocity of air in mines, 
with reference to the ventilating power employed ; the velocities being 
almost strictly proportioned to the square roots of the water gauge, or 
ventilating pressures respectively. 

It may be useful to compare the velocities of tlie air in the respective 
currents of long and short routes, as exhibited in the workings of a col- 
liery, and not as experimental results only. Taking the case of Seaton Col- 
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liery^ as shown in the foregoing tables^ the following table will show the 
several velocities of the currents in the different sots of workings, when 
the ventilating pressure was reduced as compared with the theory — the 
subject of this investigation. 



ipllt.iFWtilflH .; 

>p ll?«oi4nft 

Hkin I^ta)E«« Sjilllr Open . 

WntWAgr.Do. ....* 

Uertfl»llt,Z>«. 



too 
too 

WW 

m 
litt 



of Ail. 



TbM- 






ObMTTCd 

QuhiktlM 
oJAii, 



olAir. 



I^^evme of Wmter 



1^ I il-i 






InclLp Inch. 



tjft9 B,OflO 



1* 












ofAij. 






Ineh. 

IS 



ilJITS 4AaSfl M,TK! 






t]U!tu 
0-B 



M,7$(l 









U^7 



uf AlJ. 



Quad 
of Air. 



fzvmn nf Water 



1-e 



isfim 






a^flo' 7jm 






tajujttmjSTo 



itfiiao 






The result of these observations confirm the conclusions previously 
arrived at, viz., that, except in so far as the difference of density in the 
air and different parts of the airways, arising firom the dip or rise of the 
strata, or other circumstances producing a difference of density, air will 
divide itself in the same proportions over any number of splits or routes, 
whatever may be the gross quantity of air circulating in the unit of time. 



Whilst the proceedings were in course of preparation for the press, 
Mr. Greenwell made some further experiments with the boxes described 
in these discussions, the result of which showed that, as anticipated, the 
boxes had not been air-tight. Much to his credit he communicated the 
fact to the President, in the following letter : — 

Saditock, September Gth, 1859. 
Deab 8ib, — I ha^e oarefuUy repeated the experiment aUuded to in the last dis- 
oufsion of Mr. Atkinson's paper. I have also varied the experiments by means of 
regulators. The boxes were of the same sixe as those described. I find that the result 
formerly arrived at must have been occasioned by the boxes not having^ been tight, as 
suggested by you, for I now find that my experiments instead of being at variance with 
Mr. Atkinson's views corroborate them. 

Trusting that this discussion and its consequences may have contributed to the more 
firm establishment of a useful principle. 

I am, dear Sir, 

Yours very truly, 
Nicholas Wood, Esq. G. C. GREENWELL. 



EXPERIMENTS 



STEEMTH OF WBE EOPES MD CHAINS. 



By Mr. J. DAGLISH. 

The following experiments were made for the purpose of obtaining some 
authentie data on the strength of Wire Hopes and Chains of various 
descriptions and under different states of working condition. 

The wire rope used was flat rope^ or portions of it; weighing about 
SSlbs. per fathom, made up of six round ropes stitched together, contain- 
ing four strands of six wires each, of about No. 11 wire gauge. Con- 
siderable difiElculty was at first encountered in properly securing the ends, 
all the ropes yielding at this part on strains considerably below what 
they should have borne, viz. : — 

SERIES, No. I. 



No. 


Deicrlptlon of 
Kop«. 


Stote of Working Con- 
ditton. 


BrMk- 

StraL. 


BEHABKS. 




Stnnd .... 
Do 


New 


Tons, 

n 

2 


Tuted tR Jl^draulic MocJUhm. 

f The endsof these were inadvertent- 
) lybeatedytheybrokeattheheated 
1 parts, and should haye borne 3 
(. tons. (See Exp. 1 ; Series 3). 


i NeWf 8 wires out ) 
( oat and 3 run in | 




Round Rope 

Do. 
Flat Rope • . 
Do. 

Do. 

Do. •• 


New 


6 

5 

35 

34 

33 

33 


These were attached to themaohine 
by ordinary sockets, and all 
broke in the sockets at first or 
second row of rivets, the round 
ropes ought to have borne about 
10 tons, and the flat 60 tons. 

/ 


Kew, out and eplioed 
New 


New, out and spliced 

( New, 1 rope cut ) 
I and spliced .... 5 

Old 







Although this series of experiments entirely failed to test the ultimate 
Tou yiI.^AuausT, 1869. eo 
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strength of the ropes, they are given as showing two points worthy of 
observation : — Ist, the loss of strength by heating the wire ; and 2nd, the 
weakness of the ordinary socket joints compared with the other part of 
the rope. To test the actual loss owing to the heating of the wire, the 
following series of experiments were made : — 
SERIES, No. II. 



No. 



Description of 
Bope. 



Single Wire 
Do. 
Do. 



State of Working 
condition. 



New 
Do. 
Do. 



Breaking 
Strain. 



c. q. lb. 

8 7 

8 21 

8 28 



REMARKS. 



Tuted h^ Actual WeigJUs, 
e. q. lb. 

8 18 Ayerage. 



Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



Do. "^ 

Do. S 

Do. 

Do. 



heated gently red < 

S 



heated strongly red 



• f heated Btrongljrifd) 
J. land cooled in water i 



4 2 7 

4 2 

4 3 7 

4 2 14 

4 2 14 

4 2 14 



4 2 14 Xvenge* 



It would seem, therefore, that the loss by heating to redness amounts, 
in the case of this particular wire, to about one-half, but no difference 
was observed by different degrees of heating, nor by cooling immediately 
in water ; at the same time the toughness of the wire is greatly increased 
by beating. 

The cause of the weakness of the socket is very apparent when the 
manner in which the rope breaks is observed ; in no case in the above 
experiments did the rope yield in the socket in the least, until fractured, 
and this always occurred at the first or second row of rivets ; where, in 
fact, the rivets became a point of resistance, at which a cross in place 
of a direct strain was encountered. In ordinary practice, howevei', the 
socket joint, where it is not passed over any sheave or pulley, and is pro- 
perly fitted on, seldom fails, and may be considered practically to be of 
equal strength with the rope ; because although at fii'st only one-half 
the strengtb, it is still greatly in excess for the actual strain, and it 
remains thus, whilst the rope by wear and oxidization rapidly becomes 
reduced in strength. 
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In the testing of the flat ropes, Nos. 6 to 8, the fracture was always 
accompanied by a flash of light. 

The next series was made for the purpose of finding the loss of 
strength in splicing (each series, ABC, being made with similar 
quality and size of wire) ; in the ordinary long splice the wires do not 
overlap except for an inch or two, as this would increase the bulk of the 
rope 'y there are, therefore, points near to where the ends of the wires 
meet, which are of necessity slightly weaker than the remaining parts, 
without the splice itself yielding at all. The apparent difference between 
the strength of strands, Nos. 1, 8, and 12, arises from a slight difference 
in the size of the wires and in the different testing apparatus used. 



SERIES, No. III. 



Ne. 


DSBcrlpUon. 


itat9 <)# W^Tfelng CoadlU<^ 


111 


KEUJLBKS, 


A.< 


" 1 

2 

a 

4 

6 

. 7 


Strand 

Do 

Do 

Do 

Do. ...... 

Do 

Do ,. 


New— whole 

^°- >3 wires out out, ftnd^ 

Bo, > new wires run in ^ 

Do. lent into two, audi" 

B. 1 ^ '''^ '""«! 

Do. 'Jetit Into two, andf 

S Bplioed with Bhort! 

Do. j «plice I 


a 

2 
2 

Si 

H 

2i 


Tested in hydraulie 
mflchlno 
Do, 

Do, 

Do. 

Do, 

Do. 

Do. 


I 11 


Do 

Do. ...... 

Do 

Do. ,..<,. 


2. } '"'" { 

Do. )cut into two andf 


2 , 

2 

3 


Do. 
Do, 
Do. 
Do. 


c^ 


la 

14 

IS 

16 

17 

. 18 


Do. 

Do 

Bo 

Do 


Z } '"•'• { 

Do. ^ cut mto two, and f 

V spljc^l with long/ 

Bo. J spHcje i 


H 
If 

It 
U 


Do. 
Do, 
Do. 

Do* 


Houud f ope . . 
Do. .. 
Do, 


Do* whole i.iii. t*** 


6 
G 


Do, 

Do, 
Do, 


Do. ^ cut into two, and ( 

y spliced with lon^< 

Do, J splice L 
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Bat as a hydraulic testing machine is not exactly adapted for snch 
accuracy in small weights^ the following were broken by suspending 
actual weights to them. 

SERIES No. IT. 



Ko. 


Description. 


SUte of Working Condition. 


Breaking 
Weight. 


BEHABKS. 










e. q. Ih. 


e« 


q. ft. 


1 
2 


Strand .... 
Do 


New— 1 
Do. 


rhole 


48 
48 8 


1« 


8 Average. 




3 

4 
6 


Do 

Do 

Do 


Do. 
Do. 
Do. 




48 1 

49 2 14 
49 8 14 


49 








6 


Do 


Do. - 


■Cut in two and • 
spliced with long 
spUce 3 


48 


48 





7 
8 


Do 

Do 


Do. 


Three wires cnt J 
out and newv 
ones run in.. I 


89 14 
87 2 14 


1" 


8 26 Average. 


9 


Do 


B./ 


87 21 


/ 




10 
11 
12 


Do 

Do 

Do 


Do. \ 
Do. 
Do. / 


Three wires cnt 1 
through at / 
same place . . \ 


24 2 14 
24 14 
24 1 


)" 


1 9 Average. 


13 
14 


Do 

Do 


Do. ^ Three wires cut r 

at intervals of< 

Do. J one foot . . - . l^ 


27 3 21 
26 


26 


3 24 Average. 


15 


Do 


Do. 




19 1 7 


\ 




16 


Do 


Do. 




18 1 7 






17 

18 
10 


Do 

Do 

Do 


Do. 
Do. 
Do. 


All six wires cutj 
throw ph 18 
inches from 
each other . . 


13 3 
17 3 1 
13 3 


15 


2 17 Average. 


20 


Do 


Do. 


1 


11 7 


1 




21 


Do 


Do. J 




27 







In this latter series, 15 to 21, the weight was sustained entirely hy 
the friction of the wires, which made three turns in the length of strand 
experimented on, and tlie results varied considerably, according as the 



215 

strand was greased or rough; in the last trial it was rather rusted, and one 
wire, already cut in one place, broke again rather than pull through; 
this increased the weight carried greatly. 

It will be seen from the above, that to a direct strain the actual 
loss of strength by splicing is not great; but the amount depends, 
to a certain extent, on the length of the splice and^ goodness of the 
workmanship. In none of the above experiments was the splice ever 
noticed to fail in the least until the fracture occurred, which was always 
sudden, and without change or warning. It will be noticed that the 
average strength of single wires (experiments 1, 2, and 3, of Series II.) 
was 8 cwts., and a strand of 6 of same wires (experiment 1, Series 
IV.) was 48 cwts., that is, the aggregate strength of 6 wires equal to the 
strength of the strand of 6 wires. This differs considerably from previous 
experiments on hemp strands, where the loss by combining and twisting 
is stated to be as much as 30 per cent, but it may arise from the 
different nature of the materiaL 

STEEL WIRE ROPES. 
The use of steel wire for ropes has been recently introduced, and is 
attracting considerable attention; it possesses the great advantage of 
being considerably lighter than iron wire with equal strength. 

SERIES No. y. 



No. 


Deaerlption. 


Bute of Working CondiUoo. 


BTMUng 
Stndn. 


BEVARKS. 


1 
2 


Round Steel Rope 

5 Strand of 6 ) 
I Steel Wires ) 


New, of d-441b8. per Fathom 

( New Wires about > 
( No. 13 Wire Gauge J 


toiis.ewtfl. 
15 10 

3 9 


Seea 
Seeft 



a All ordinary iron wire rope, of the same sise as No. 1, is considered to bear about 
7 tons, or less than one-half of the abore. 

b On referring back to Series IV., a strand of iron wire bore only 2 tons 8 cwts., 
although of No. 11 wire gauge, or two sizes larger. 



CHAINS. 
The following experiments are selected as fair examples from a large 
number made from yarious makes of iron in use in this district, some 
from north country iron and some from iron from the south. A wide 
difference is noticeable between the extremes of 2i tons and 8 tons. 
The proof strain for chains of this size is about 8 tonS; so that No. 1 
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bore more than three burthens, whilst No. 12 hardly stood the proof 
strain. The first pulled into a rigid bar before the fracture^ whilst the 
latter flew like glass immediately on increasing the strain beyond a 
certain point. At some experiments made a short time since by some 
members of the Institute of Mechanical Engineers, a piece of 2 inch 
chain made irom iron, specially manufactured for the purpose, bore a 
strain of 28 tons. 

8BRIES No. TI. 



»•. 


DMeriptton. 


8Uteof 
Woxkins 
Condition. 


BruUng 
Strmln. 


EEHARKS. 


10 

11 

12 

13 
14 


lin. wrought iron 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do.Borap 

Do. forged 

Do. wrought .... 

Do. forged from | 
old wire rope ) 

Do. wrought .... 


New. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 


Tou. 
24 
S3 
20 
19 

18 
17 
16 
16 
15 
15 

10 

8 


C Good fibroin iron etretohed oon- 
\ siderably before fraotme. 

Do. 
Do. 

Do. 

^Bfaohine stopped to repair; 
broke at 16 tons, after having 
(^ borne 18 tons. 

Rather britUe. 

Very brittle; broke without 
Btretching, or any noticeable 
change. 


fths. wrought iron, same > 
make as No. 3 ) 

fths. homogeoous iron ... . 


Do. 
Do. 


25 
9 


Faulty at weld. 



No. 9 was made from a | inch bar of carefully forged iron^ but 
although of excellent quality, this make of iron does not seem to 
be so well adapted for resistance to a direct strain as rolled bar iron — 
in which the fibre is elongated. 

No. 11 was made from old wire rope welded into | inch bar ; though 
supposed to be charcoal iron, its power of resistance was not great. 

No. 14, made from a bar of ^ths inch homogenous iron^ failed in all 
trials at the weld — ^when made into chain, it seems to require workmen 
experienced in its use. 
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It will be observed^ that in some cases chains gave way at strains 
lower than what they had previously borne; frequently from the attach- 
ments yielding; or irom the machine breaking^ they had to be tested 
more than once, and several times they broke before the previous strain 
had been arrived at, thus — No. 5 broke at 16 tons, after having borne 
18 tons; and in the next Series (YII.) No. 2 broke at 20 tons after 
having borne 22. 

The heating of pit chains occasionally for increased facility in exami- 
nation has been advocated by several gentlemen, whilst others have been 
of opinion that this would reduce the strength of the iron ; and in the 
case of wire, the before-mentioned experiments on this point would seem 
to support this latter view ; but in the case of chains it is not so, and 
heating does not seem to have any weakening effect, as the following 
experiments will show : — 

SERIES No. YII. 



No. 


DeacripUon. 


Stote of Working CondiUon. 


Bramk- 
SMn 


BEHABK8. 








Toiu. 




1 


finch chain 


New, not heated 


20 




2 


Do. .. 


Do.» heated white .... 


22 


( HaohineBtoppedtorepair; broke 
I at 20 after haying borne 22. 


8 


Do. •• 


Do., heated red 


19 





These were made with new chains, but to test the effect of heat further 
on working chains the following were made : — 







SERIES Ko 


. VIII. 


No. 

1 


Deacrlption. 


Stote of Working Condition. 


Broak- 
StrahL 

t5s: 

10 


BEMABKS. 


ftha chain . . 


New, not heated 


Stretched 2}ins. before breaking. 


2 


Do. •• 


Do., heated white .... 


11 


Do. 2 do. 


3 


Do. •• 


Old, not heated 


10 




4 


Do. .. 


Do., heated white .... 


8J 





These were portions of the same chain, the old had been at work about 
12 months. 

In making many of these experiments I have been greatly indebted 
to the kind assistance of Mr. Spencer, Messrs. Bagnall, and other 
gentlemen. 



j 



